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(54) FLAT ACOUSTIC TRANSDUCER 

(57) Flat, quadrangular permanent magnets m18, 
m28, m38 are disposed on a yoke 20 with their magnetic 
pole faces facing upward and so as to be adjacent to 
one another or contact one another, and such that mag- 
netic pole faces of different polarities are disposed al- 
ternately. A vibrating membrane 26 is disposed on a top 
surface side of the yoke 20 so as to be parallel to the 
magnetic pole faces of the permanent magnets. Coil 
pairs L18, L28, L38, which are wound in helical forms 
and are disposed at front and reverse surfaces of the 
vibrating membrane, are disposed on the vibrating 
membrane 26 so as to correspond to the permanent 
magnets m18, m28 r m38. The coil pairs L18. L28, L38 
are wound in helical forms so as to be formed substan- 
tially similarly to outer edges of the magnetic pole faces 
of the permanent magnets m18 : m28, m38. Inner pe- 
ripheries of the helices of the coil pairs are disposed at 
outer sides of regions which include positions corre- 
sponding to centers of the magnetic pole faces, and out- 
er peripheries of the helices of the coil pairs are dis- 
posed so as to overlap one another. Because the per- 
manent magnets are disposed on the yoke so as to be 
adjacent to or contact one another, magnetic flux 
traveling in a direction substantially parallel to a surface 
of the vibrating membrane becomes a maximum, and 
interlinks with the coil pairs. When current is supplied to 
the coils, a direction of force which the current receives 
from a magnetic field is a direction substantially orthog- 



onal to the surface of the vibrating membrane, and force 
in a direction along the surface of the vibrating mem- 
brane becomes extremely low. Thus, noise components 
can be reduced such that sound quality can be im- 
proved. 

FIG. 9 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a flat acoustic 
conversion device, and particularly to a flat acoustic 
conversion device such as a flat speaker which can be 
used as a flat speaker, a flat microphone, and a micro- 
phone. 

Description of the Related Art 

[0002] Fig. 1 is a diagram showing the basic structure 
of a conventional flat speaker. This flat speaker is pro- 
vided with a plurality of bar magnets 1 which are ar- 
ranged in parallel on a yoke 4, a vibrating membrane 2 
disposed parallel and adjacent to a magnetic pole face 
of the bar magnets 1, and a plurality of coils 3 each 
formed at a position on the vibrating membrane which 
corresponds to the magnetic pole face of the bar mag- 
nets in such a manner that the electric current flows in 
a direction orthogonal to the magnetic field generated 
by the bar magnets 1 . Each coil 3 is disposed at a po- 
sition where the greater part of the inner periphery of 
each coil faces the magnetic pole face of a bar magnet 
and the remaining part is disposed outside a position 
corresponding to the outer edge of the bar magnets. The 
outer edge of the vibrating membrane is fixed by a fixing 
member in such a manner that the vibrating membrane 
is able to vibrate together with the coils. Because the 
current flowing through each coil 3 is affected by the 
force from the magnetic field of the bar magnets in ac- 
cordance with Fleming's left-hand law when alternating 
current is fed to each coil 3, the vibrating membrane 2 
is vibrated in a direction perpendicular to the surface of 
the vibrating membrane together with the energized 
coils which enables an electric signal to be converted 
into an acoustic signal. 

[0003] Further, by vibrating the vibrating membrane 2 
in a direction orthogonal to the surface of the vibrating 
membrane and converting an acoustic signal into an 
electric signal in accordance with Fleming's right-hand 
law, the device is able to be used as a microphone. 
[0004] However, in the above conventional flat speak- 
er, because a large portion of the coil is positioned facing 
the magnetic pole face of the bar magnets, a magnetic 
field acts on the coil portion positioned facing the mag- 
netic pole face of the bar magnets in a direction perpen- 
dicular to the surface of the vibrating membrane. There- 
fore, force, which acts on the electric current flowing 
through the coil portion from the electric field, acts in a 
direction along the surface of the vibrating membrane. 
The problem then arises that this force in a direction 
along the surface of the vibrating membrane causes 
twisting in the surface of the vibrating membrane and 
becomes a noise component in the acoustic signal lead- 



ing to a reduction in the sound quality. 
[0005] Moreover, because the plurality of bar mag- 
nets are arranged in parallel longitudinally, the length of 
the portion of the coil which interlinks with the magnetic 
5 field is approximately twice the product obtained by mul- 
tiplying the length of the bar magnets by the number of 
windings of the coil. Consequently, the proportion of the 
surface area of the vibrating membrane occupied by 
those portions of the coils interlinking with the magnetic 

10 field is low. Therefore, the problem has been that, not 
only has it not been possible to obtain sufficient volume 
due the deterioration in the efficiency of the acoustic 
conversion, but the sound quality has also been low. 
[0006] Furthermore, the shape of the speakers has 

is been determined by the length and number of the bar 
magnets used, which has placed limitations on freedom 
of the speaker design. Moreover, the problem has also 
existed that, because a coil is provided for each bar 
magnet along the longitudinal direction of the bar mag- 

20 nets, there has been a lack of flexibility in the setting of 
the speaker impedance to a suitable value. 
[0007] In addition, in a conventional flat speaker, be- 
cause the distance from the vibrating membrane to the 
magnetic pole face of the bar magnets is different by the 

25 thickness of the bar magnets from the distance from the 
vibrating membrane to the portions of the yoke between 
the bar magnets, a phase difference is caused in the 
sound generated from the vibrating membrane which is 
reflected from the rear magnetic pole face and the yoke 

30 so as to reach the vibrating membrane surface. There- 
fore, the further problem exists that, because the vibrat- 
ing membrane is twisted due to the sound pressure dis- 
tribution corresponding to this phase difference becom- 
ing a noise component in the acoustic signal, the sound 

35 quality is further deteriorated. 

[0008] In order to solve these problems, the filling of 
the space between the vibrating membrane and the 
magnetic pole face with a pliable material such as 
sponge or the like can be considered. However, the vi- 

40 bration of the vibrating membrane is hindered by the pli- 
able material so that the sound quality of low sounds in 
particular is deteriorated. 

[0009] Because a plurality of bar magnets are dis- 
posed such that the longitudinal directions thereof are 

^5 parallel, the lengths of the portions interlinking with the 
magnetic fields of the respective coils are about twice 
the product of the long side of the bar magnet and the 
number of windings of the coil. The proportion of the sur- 
face area occupied thereby with respect to the surface 

50 area of the vibrating membrane at the portion interlink- 
ing with the magnetic field of the coil is low. As a result, 
the efficiency of acoustic conversion is poor and a suf- 
ficient sound volume cannot be obtained, and in addi- 
tion, sufficient sound quality cannot be obtained. 

55 [0010] Further, the configuration of the speaker is de- 
termined by the length of the bar magnet and the 
number of bar magn ts which are provided, such that 
the degrees in freedom in designing the configuration of 
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the speaker are limited. Moreover, a coil is provided for 
each bar magnet along the longitudinal direction of the 
bar magnet. Thus, a problem arises in that there is little 
flexibility in setting the impedance of the speaker to an 
appropriate value. 

[001 1 J Moreover, although, in conventional flat speak- 
ers, the vibrating membrane is placed adjacent to the 
magnetic pole face of the bar magnets, a gap exists be- 
tween the vibrating membrane and the magnetic pole 
face. Therefore, the problem exists that the flat speaker 
itself is made too thick. 

[001 2] Furthermore, if the shape of a conventional flat 
speaker is made still larger and narrower, slackness de- 
velops in the vibrating membrane leading to the vibrat- 
ing membrane and the yoke no longer being parallel to 
each other. Consequently, the distances from each point 
on the vibrating membrane to the yoke or the magnetic 
pole face of the bar magnets is not uniform. The result 
of this is lhal the drawback arises that a phase difference 
is generated in the reflected sound which is reflected by 
the yoke and the like so as to come back to the vibrating 
membrane, and twisting of the vibrating membrane is 
caused by the sound pressure distribution. This creates 
noise and a reduction in sound quality. 
[001 3] The present invention has been achieved in or- 
der to solve the above problems in the prior art and the 
first object of the present invention is to provide a flat 
acoustic conversion device in which twisting of the vi- 
brating membrane is reduced and noise components 
are decreased. 

[0014] The second object of the present invention is 
to provide a flat acoustic conversion apparatus in which 
the length of the portion of the coils intersecting the mag- 
netic field is lengthened thus increasing the proportion 
of the surface of the vibrating membrane occupied by 
the coils and improving the acoustic conversion efficien- 
cy. This, in turn, leads to an improvement in sound qual- 
ity. 

[0015] The third object of the present invention is to 
provide a flat acoustic conversion device in which the 
lengths of the portions interlinking with the magnetic 
fields of the coils are long and the proportion of the sur- 
face area occupied by the coils on the surface of a vi- 
brating membrane is increased, such that the efficiency 
of acoustic conversion is improved and sound quality is 
improved. 

[0016] The fourth object of the present invention is to 
provide a flat acoustic conversion device which is even 
thinner than the prior art. 

[0017] The fifth object of the present invention is to 
provide a flat speaker device which can always provide 
a high quality audio output regardless of the shape of 
the vibrating membrane. 

SUMMARY OF THE INVENTION 

[0018] In order to achieve the above objects, the first 
aspect of the present invention is a flat acoustic conver- 



sion device comprising: a first magnet disposed so that 
a first magnetic pole face is substantially parallel to a 
predetermined surface; a second magnet disposed ad- 
jacent to or in contact with the first magnet such that a 

5 second magnetic pole face having a polarity different 
from the polarity of the first magnetic pole face is sub- 
stantially parallel to the predetermined surface and fac- 
es towards the same side as the first magnetic pole face 
of the first magnet; a vibrating member disposed so as 

io to face towards the predetermined surface; a first coil 
which is helically wound and is disposed such that mag- 
netic flux interlinks in a position on the vibrating member 
which corresponds to the first magnetic pole face; and 
a second coil which is helically wound and is disposed 

is such that magnetic flux interlinks in a position on the 
vibrating member which corresponds to the second 
magnetic pole face. 

[0019] The first magnet of the first aspect of the 
present invention is disposed such that a first magnetic 

20 pole face having a first polarity (e.g. N polarity) is sub- 
stantially parallel to a predetermined surface. The sec- 
ond magnet is disposed either adjacent to or in contact 
with the first magnet such that a second magnetic pole 
face having a second polarity (e.g. S polarity) which is 

25 different from the first polarity is substantially parallel to 
the predetermined surface and faces the same side as 
the first magnetic pole face of the first magnet. Note that 
first magnet and second magnet can be disposed on the 
predetermined surface, or may be disposed so that the 

30 outer periphery thereof is supported by a frame or the 
like. Further, the vibrating memberformed by a vibrating 
membrane or a vibrating plate may be disposed facing 
the predetermined surface. In all of the inventions, the 
vibrating member may be formed by a vibrating mem- 

35 brane or a vibrating plate. 

[0020] A first coil and a second coil, both of which are 
formed in a helical shape, are provided on the vibrating 
member. The first coil is disposed such that the magnet- 
ic flux interlinks in a position on the vibrating member 

40 which corresponds to the first magnetic pole face. The 
second coil is disposed such that the magnetic flux in- 
terlinks in a position on the vibrating member which cor- 
responds to the second magnetic pole face in the same 
way as the first coil. 

45 [0021] As a result, the magnetic flux generated by 
each magnet travels from the first magnetic pole face to 
the second magnetic pole face or from the second mag- 
netic pole face to the first magnetic pole face and the 
magnetic flux in the area between the first magnetic pole 

50 face and the second magnetic pole face, and accord- 
ingly, the magnetic flux in the area between the first 
magnet and the second magnet travels in a direction 
substantially parallel to the surface of the vibrating mem- 
ber. When the first magnet and second magnet are 

55 spaced a predetermined distance apart, the density of 
the magnetic flux in a direction parallel to the surface of 
the vibrating membrane in the area between the first 
magnet and second magnet decreases as the distance 
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between the magnets increases. However, in the 
present invention, because the first magnet and second 
magnet are placed adjacent to or in contact with each 
other, the density of the magnetic flux in a direction par- 
allel to the surface of the vibrating member can be set 
at the maximum enabling the sound pressure to be in- 
creased. 

[0022] In order to achieve the above objects, the sec- 
ond aspect of the present invention is a flat acoustic con- 
version device comprising: a first magnet disposed so 
that a first magnetic pole face is substantially parallel to 
a predetermined surface; a second magnet disposed at 
a predetermined distance apart from the first magnet or 
in contact with the first magnet such that a second mag- 
netic pole face having a polarity different from the polar- 
ity of the first magnetic pole face is substantially parallel 
to the predetermined surface and faces towards the 
same side as the first magnetic pole face of the first mag- 
net; a vibrating member disposed so as to face towards 
the first magnetic pole face and the second magnetic 
pole face; a pliable air layer forming member disposed 
so as to form together with the vibrating member an air 
layer of a predetermined thickness on the first magnetic 
pole face and second magnetic pole face sides of the 
vibrating member; a first coil which is helically wound 
and is disposed such that magnetic flux interlinks in an 
area on the vibrating member which corresponds to the 
first magnetic pole face; and a second coil which is hel- 
ically wound and is disposed such that magnetic flux in- 
terlinks in an area on the vibrating member which cor- 
responds to the second magnetic pole face. 
[0023] The first magnet and second magnet of the 
second aspect of the present invention are disposed in 
the same manner as the first magnet and second mag- 
net of the first aspect of the present invention. 
[0024] Furthermore, the first coil and second coil of 
the second aspect of the present invention are disposed 
on the vibrating member in the same manner as in the 
first aspect of the present invention. 
[0025] In the present invention the first magnet and 
second magnet can be spaced a predetermined dis- 
tance apart from each other or may be disposed either 
adjacent to (i.e. almost in contact with) or actually in con- 
tact with each other. 

[0026] When the first magnet and second magnet are 
spaced a predetermined distance apart, it is effective if 
the first coil is disposed such that the inner periphery 
and outer periphery of the spiral coils are positioned on 
either side of a position corresponding to an outer edge 
of the first magnetic pole face of the vibrating member 
while, at the same time, the second coil is disposed such 
that the inner periphery and outer periphery of the spiral 
coils are positioned on either side of a position corre- 
sponding to an outer edge of the second magnetic pole 
face of the vibrating member. When the first magnet and 
second magnet are placed in contact with each other, 
the inner periphery of each coil is positioned to the outer 
side of an area which includes a position corresponding 
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to the center of the magnetic pole faces of the vibrating 
member. Namely, it is effective if the first coil is disposed 
in an area on the vibrating member extending from a 
position corresponding to an outer edge of the first mag- 

5 netic pole face to a position a predetermined distance 
in the direction of a position corresponding to the center 
of the first magnetic pole face, and if the second coil is 
disposed in an area on the vibrating member extending 
from a position corresponding to an outer edge of the 

10 second magnetic pole face to a position a predeter- 
mined distance in the direction of a position correspond- 
ing to the center of the second magnetic pole face. 
[0027] A pliable air layer-forming member is disposed 
on the first magnetic pole face and second magnetic 

15 pole face sides of the vibrating member of the second 
aspect of the present invention so as to form together 
with the vibrating member an air layer of a predeter- 
mined thickness. When the air layer forming member is 
provided, sound generated from the vibrating member 

20 js still reflected by the air layer forming member and re- 
turned to the vibrating member. However, because an 
air layer of a predetermined thickness is formed be- 
tween the vibrating member and the air layer forming 
member, no phase difference is generated in the reflect - 

25 ed sound and no twisting in the vibrating member is con- 
sequently caused. Therefore, the sound quality is excel- 
lent. 

[0028] Note that neither is there any twisting in the vi- 
brating membrane caused by reflected sound when the 
30 first magnet and second magnet are disposed in contact 
with each other because no phase difference is gener- 
ated in the reflected sound from the magnetic pole face, 
however, because the magnet itself is formed from a 
hard material, it has a high degree of reflectivity and the 
35 reflected sound increases. In the present invention, re- 
flected sound can be reduced thanks to the provision of 
a pliable air layer- forming member. v 
[0029] In order to achieve the above objects, the third 
aspect of the present invention is a flat acoustic conver- 
ge sion device comprising: a vibrating body provided with 
a vibrating member, a helically shaped first coil disposed 
on the vibrating member, and a helically shaped second 
coil disposed on the vibrating member adjacent to the 
first coil; a first magnet which is provided with a first mag- 
45 netic pole face and which is mounted to the vibrating 
body such that the first magnetic pole face corresponds 
to the first coil; and a second magnet which is provided 
with a second pole face having a polarity different to that 
of the first magnetic pole face and facing towards the 
50 same side as the first magnetic pole face and which sec- 
ond magnet is mounted to the vibrating body so as to 
be a predetermined distance apart from the first magnet 
or so as to be in contact with the first magnet and such 
that the second magnetic pole face corresponds to the 
55 second coil 

[0030] The vibrating body of the third aspect of the 
present invention is provided with a vibrating member, 
a helically shaped first coil disposed on the vibrating 
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member, and a helically shaped second coil disposed 
on the vibrating member adjacent to the first coil. The 
first magnet is provided with a first magnetic pole face 
having a first polarity (e.g. N polarity) and is mounted to 
the vibrating body such that the first magnetic pole face 
corresponds to the first coil. The second magnet is pro- 
vided with a second magnetic pole face having a second 
polarity (e.g. S polarity) which is different to the first po- 
larity. The second magnet is mounted to the vibrating 
body so as to be a predetermined distance apart from 
the first magnet or so as to be in contact with the first 
magnet and so as to face towards the same side as the 
first magnetic pole face and in such a manner that the 
second magnetic pole face corresponds to the second 
coil, it is preferable that these magnets are mounted so 
as to be relatively movable with respect to the vibrating 
body. 

[0031] As a result, the magnetic flux generated from 
each magnet travels from the first magnetic pole face 
towards the second magnetic pole face or from the sec- 
ond magnetic pole face towards the first magnetic pole 
face. Accordingly, the magnetic flux in the area between 
the first magnetic pole face and the second magnetic 
pole face, and consequently, the magnetic flux in the ar- 
a between the first magnet and the second magnet 
travels in a direction substantially parallel to the surface 
of the vibrating member and interlinks with the first coil 
and the second coil. Therefore, by changing the current 
flowing through the first coil and second coil : the force 
acting on the current from the magnetic field is changed 
and the vibrating body, the first magnet, and the second 
magnet vibrate integrally together. In the third aspect of 
the invention, because the first magnet and the second 
magnet are mounted to the vibrating body, the thickness 
of the flat acoustic conversion device itself can be made 
thinner than in the prior art. 

[0032] The fourth aspect of the present invention is a 
flat acoustic conversion device comprising: a vibrating 
body provided with a vibrating member, a helically 
shaped first coil disposed on the vibrating member, and 
a helically shaped second coil disposed on the vibrating 
member adjacent to the first coil; a holding member 
which is capable of holding a plurality of magnets be- 
tween itself and the vibrating body and which is dis- 
posed so as to be facing the vibrating member; a first 
magnet which is provided with a first magnetic pole face 
and which is held between the vibrating body and the 
holding member such that the first magnetic pole face 
corresponds to the first coil; and a second magnet which 
is provided with a second pole face having a polarity dif- 
ferent to that of the first magnetic pole face and facing 
towards the same side as the first magnetic pole face 
and which second magnet is held between the vibrating 
body and the holding member so as to be a predeter- 
mined distance apart from the first magnet or so as to 
be in contact with the first magnet and such that the sec- 
ond magnetic pole face corresponds to the second coil. 
[0033] In the fourth aspect of the present invention, 
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the first magnet and second magnet are held between 
(and preferably closely adhered to) the vibrating body 
and a holding member. By changing the current flowing 
through the first coil and second coil, the force acting on 

5 the current from the magnetic field is changed and the 
vibrating body, the first magnet, the second magnet, and 
the holding member vibrate integrally together. In the 
fourth aspect of the invention, because the first magnet 
and the second magnet are held between the vibrating 

10 body and the holding member, the thickness of the flat 
acoustic conversion speaker itself can be made thinner 
than in the prior art, in the same way as in the third as- 
pect. 

[0034] Note that, in the fourth aspect of the present 

15 invention, it is possible for the holding member to be 
formed from a thin membrane such as the vibrating 
member. However, by forming the holding member from 
a vibrating body provided with a vibrating member, a hel- 
ically shaped first coil disposed on the vibrating member, 

20 and a helically shaped second coil disposed on the vi- 
brating member adjacent to the first coil, and by posi- 
tioning the first coil and second coil so that the first coil 
corresponds to a magnetic pole face opposite to the first 
magnetic pole face of the first magnet and the second 

25 coil corresponds to a magnetic pole face opposite to the 
second magnetic pole face of the second magnet, and 
by sandwiching the first magnet and second magnet 
(preferably in a state of close adhesion) between a pair 
of vibrating bodies, the number of interlinking magnetic 

30 fluxes increases and the sound pressure can also be 
increased. 

[0035] Note also that the first magnet and the second 
magnet can be directly mounted to the vibrating body or 
can be directly held between a vibrating body and hold- 

35 ing member as described above. However, it is also pos- 
sible to mount the first and second magnets to the vi- 
brating body with a non-magnetic pliable member be- 
tween the two, or to hold the first and second magnets 
between the vibrating body and holding member with 

40 non-magnetic pliable members placed between the 
magnets and the vibrating body and holding member. 
Moreover, when the first and second magnets are to be 
mounted, it is preferable if the first and second magnets 
are mounted by a part of each magnet. When the first 

45 and second magnets are held between the vibrating 
body and the holding member, it is possible for the first 
and second magnets to be held with a part of the mag- 
nets mounted or for the first and second magnets to be 
held without any part of the magnets being mounted. It 

so is preferable if a non-magnetic sheet material that is pli- 
able and porous is used for the pliable member, such as 
rock wool, glass wool, non-woven fabric, Japanese pa- 
per, or the like. 

[0036] When the first and second magnets are 
55 spaced a predetermined distance apart, the density of 
the magnetic flux in a direction parallel to the surface of 
th vibrating member in the area between the first and 
second magnets decreases as the distance between 
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the first and second magnets increases. If, however, the 
first and second magnets are placed adjacent to (i.e. al- 
most in contact with) or in contact with each other, the 
density of the magnetic flux in the direction parallel to 
the surface of the vibrating member can be set at the 
maximum and the sound pressure increased even fur- 
ther. 

[0037] When the first and second magnets are 
spaced a predetermined distance apart or when the first 
and second magnets are disposed in contact with each 
other it is effective if the first and second coils are dis- 
posed as described in the second aspect of the present 
invention. 

[0038] In the above described first through fourth as- 
pects of the present invention, the first coil and second 
coil are both disposed such that their magnetic fluxes 
interlink at positions on the vibrating member corre- 
sponding to the first magnetic pole face and second 
magnetic pole face. Moreover, as described above, be- 
cause the magnetic flux in the area between the first and 
second magnets travels in a direction substantially par- 
allel to the surface of the vibrating member, the magnetic 
flux acts in a direction substantially parallel with the sur- 
face of the vibrating member on the portion extending 
from the inner periphery of the first coil adjacent to the 
second coil to the outer periphery and from the inner 
periphery of the second coil adjacent to the first coil to 
the outer periphery. 

[0039] Therefore, when current is fed to the first and 
second coils, the direction of the force which the current 
receives from the magnetic field is substantially perpen- 
dicular to the surface of the vibrating member and the 
force in the direction of the surface of the vibrating mem- 
ber is decreased resulting in it being possible to reduce 
noise components and improve sound quality. 
[0040] Note that, it is preferable if the vibrating mem- 
ber is placed adjacent to and facing the first magnetic 
pole face and second magnetic pole face because this 
allows the magnetic flux traveling in a direction substan- 
tially parallel to the surface of the vibrating member and 
acting on those portions of the first coil and the second 
coil adjacent to each other to be increased. 
[0041] If current is fed in the same direction through 
the portion of the first coil adjacent to the second coil 
and through the portion of the second coil adjacent to 
the first coil, the direction of the force which the current 
flowing through the portion extending from the inner pe- 
riphery of the first coil adjacent to the second coil to the 
outerperiphery receives from the magnetic field, andthe 
direction of the force which the current flowing through 
the portion extending from the inner periphery of the 
second coil adjacent to the first coil to the outer periph- 
ery receives from the magnetic field, are the same. 
Therefore, an acoustic signal having a large sound vol- 
ume can be generated. 

[0042] If current is fed in the same direction through 
the portion of the first coil adjacent to the second coil 
and through the portion of the second coil adjacent to 



the first coil in the same vibrating body used in both the 
third and fourth aspects of the present invention, the di- 
rection of the force which the current flowing through the 
portion extending from the inner periphery of the first coil 
5 adjacent to the second coil to the outer periphery re- 
ceives from the magnetic field, and the direction of the 
force which the current flowing through the portion ex- 
tending from the inner periphery of the second coil ad- 
jacent to the first coil to the outer periphery receives from 

10 the magnetic field, are the same. Therefore, a large 
sound volume acoustic signal can be generated. 
[0043] When current is supplied in the same direction 
to each coil, the current may be fed to each coil inde- 
pendently. However, as described below, the first coil 

is and second coil may be connected and the current fed 
in the same direction to the portion of the first coil adja- 
cent to the second coil and to the portion of the second 
coil adjacent to the first coil. Namely, when the coil wind- 
ing directions of the first and second coils are both the 

20 same from the outer peripheries to the inner peripheries 
thereof; as is shown in Figs. 2A and 2B, either the inner 
peripheral sides of both the first coil L1 and the second 
coil L2 are connected or the outer peripheral sides of 
both the first coil L1 and the second coil L2 are connect- 

25 ed. 

[0044] If, however, the directions of the coils of the first 
and second coils are different going from the outer pe- 
riphery to the inner periphery, as is shown in Figs. 3A 
and 3B, the inner peripheral side of one of the first coil 

30 L1 and second coil L2 can be connected to the outer 
peripheral side of the other coil. Alternatively, as shown 
in Fig. 3C, the inner peripheral sides of both the first coil 
L1 and the second coil L2 can be connected to each 
other, and the outer peripheral sides of both the first coil 

35 L1 and the second coil L2 can be connected to each 
other. Note that the direction indicated by the arrows in 
Figs. 2A, 2B, 3A : 3B and 3C is the direction traveled by 
the current. 

[0045] Note also that in the third and fourth aspects 
40 of the present invention, when a first magnet and second 
magnet are held between a pair of vibrating bodies, if 
the direction of the current flowing through the portion 
of the first coil adjacent to the second coil and the portion 
of the second coil adjacent to the first coil is able to be 
45 reversed in each vibrating body, it is possible to make 
the direction of the force from the magnetic field re- 
ceived by the current flowing through the coils of each 
vibrating body the same. 

[0046] The fifth aspect of the present invention is a 
50 fiat acoustic conversion device comprising: a first mag- 
net disposed so that a first magnetic pole face is sub- 
stantially parallel to a predetermined surface; a second 
magnet disposed adjacent to or in contact with the first 
magnet such that a second magnetic pole face having 
55 a polarity different from the polarity of the first magnetic 
pole face is substantially parallel to the predetermined 
surface and faces towards the sam side as the first 
magnetic pole face of the first magnet; a vibrating mem- 
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ber disposed so as to face towards the predetermined 
surface; a first coil which is helically wound and is dis- 
posed such that magnetic flux interlinks in a position on 
the vibrating member which corresponds to the first 
magnetic pole face; a second coil which is formed in a 
helical shape wound in the opposite direction to the f irst 
coil and is disposed such that magnetic flux interlinks in 
a position on the vibrating member which corresponds 
to the first magnetic pole face, and which is provided at 
a position on the vibrating member overlapping with the 
first coil, and whose inner peripheral end is connected 
to an inner peripheral end of the first coil; a third coil 
which is formed in a helical shape wound in the same 
direction as the second coil, and which is disposed such 
that magnetic flux interlinks in a position on the vibrating 
member which corresponds to the second magnetic 
pole face, and whose outer peripheral end is connected 
to an outer peripheral end of the second coil; and a 
fourth coil which is formed in a helical shape wound in 
the same direction as the first coil and which is disposed 
such that magnetic flux interlinks in a position on the 
vibrating member which corresponds to the second 
magnetic pole face, and which is provided at a position 
on the vibrating member overlapping with the third coil, 
and whose inner peripheral end is connected to an inner 
peripheral end of the third coil. 

[0047] The sixth aspect of the present invention is a 
flat acoustic conversion device comprising: a vibrating 
body provided with a vibrating member, a first coil which 
is helically wound and is disposed on the vibrating mem- 
ber, a second coil which is helically wound in the oppo- 
site direction to the first coil and is disposed on the vi- 
brating member so as to overlap with the first coil, and 
whose inner peripheral end is connected to an inner pe- 
ripheral end of the first coil, a third coil which is formed 
in a helical shape wound in the same direction as the 
second coil, and is disposed on the vibrating member 
so as to be adjacent to the second coil, and whose outer 
peripheral end is connected to an outer peripheral end 
of the second coil, and a fourth coil which is formed in 
a helical shape wound in the same direction as the first 
coil, and is disposed on the vibrating member so as to 
be adjacent to the first coil and to overlap with the third 
coil, and whose inner peripheral end is connected to an 
inner peripheral end of the third coil; a first magnet which 
is provided with a first magnetic pole face and is mount- 
ed to the vibrating body such that the first magnetic pole 
face corresponds to the first coil and second coil; and a 
second magnet which is provided with a second mag- 
netic pole face having a polarity different from the polar- 
ity of the first magnetic pole face and facing towards the 
same side as the first magnetic pole face, and which 
second magnet is disposed either a predetermined dis- 
tance apart from the first magnet or in contact with the 
first magnet, and which is mounted to the vibrating body 
such that the second magnetic pole face corresponds 
to the third coil and fourth coil. 

[0048] The seventh aspect of the present invention is 
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aflat acoustic conversion device comprising: a vibrating 
body provided with a vibrating member, a first coil which 
is helically wound and is disposed on the vibrating mem- 
ber, a second coil which is helically wound in the oppo- 

5 site direction to the first coil and is disposed on the vi- 
brating member so as to overlap with the first coil, and 
whose inner peripheral end is connected to an inner pe- 
ripheral end of the first coil, a third coil which is formed 
in a helical shape wound in the same direction as the 

10 second coil, and is disposed on the vibrating member 
so as to be adjacent to the second coil, and whose outer 
peripheral end is connected to an outer peripheral end 
of the second coil, and a fourth coil which is formed in 
a helical shape wound in the same direction as the first 

15 coil, and is disposed on the vibrating member so as to 
be adjacent to the first coil and to overlap with the third 
coil, and whose inner peripheral end is connected to an 
inner peripheral end of the third coil; a holding member 
which is capable of holding a plurality of magnets be- 

20 tween itself and the vibrating body and which is dis- 
posed so as to be facing the vibrating body; a first mag- 
net which is provided with a first magnetic pole face and 
is held between the vibrating body and the holding mem- 
ber such that the first magnetic pole face corresponds 

25 to the first coil and second coil; and a second magnet 
which is provided with a second magnetic pole face hav- 
ing a polarity different from the polarity of the first mag- 
netic pole face and facing towards the same side as the 
first magnetic pole face, and which second magnet is 

30 disposed either a predetermined distance apart from the 
first magnet or in contact with the first magnet, and which 
is held between the vibrating body and the holding mem- 
ber such that the second magnetic pole face corre- 
sponds to the third coil and fourth coil. 

35 [0049] Namely, in the sixth and seventh aspects of the 
present invention, the vibrating body of the third and 
fourth aspects is provided with the following. Namely, 
the vibrating body is provided with a vibrating member, 
a first coil which is helically wound and is disposed on 

40 the vibrating member, a second coil which is formed in 
a helical shape wound in the opposite direction to the 
first coil and is disposed on the vibrating member so as 
to overlap with the first coil, and whose inner peripheral 
end is connected to an inner peripheral end of the first 

45 coil, a third coil which is formed in a helical shape wound 
in the same direction as the second coil, and is disposed 
on the vibrating member so as to be adjacent to the sec- 
ond coil, and whose outer peripheral end is connected 
to an outer peripheral end of the second coil, and a 

50 fourth coil which is formed in a helical shape wound in 
the same direction as the first coil, and is disposed on 
the vibrating member so as to be adjacent to the first 
coil and to overlap with the third coil, and whose inner 
peripheral end is connected to an inner peripheral end 

55 of the third coil. 

[0050] In the eighth aspect of the present invention, 
the holding member of the seventh aspect of the present 
invention is formed from a vibrating body provided with 
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a vibrating member, a first coil which is helically wound 
and is disposed on the vibrating member, a second coil 
which is formed in a helical shape wound in the opposite 
direction to the first coil and is disposed on the vibrating 
member so as to overlap with the first coil, and whose 5 
inner peripheral end is connected to an inner peripheral 
end of the first coil, a third coil which is formed in a helical 
shape wound in the same direction as the second coil, 
and is disposed on the vibrating member so as to be 
adjacent to the second coil, and whose outer peripheral 10 
end is connected to an outer peripheral end of the sec- 
ond coil, and a fourth coil which is formed in a helical 
shape wound in the same direction as the first coil, and 
is disposed on the vibrating member so as to be adja- 
cent to the first coil and to overlap with the third coil, and *5 
whose inner peripheral end is connected to an inner pe- 
ripheral end of the third coil. 

[0051] The ninth aspect of the present invention is a 
flat acoustic conversion device comprising: a first mag- 
net disposed so that a first magnetic pole face is sub- 20 
stantially parallel to a predetermined surface; a second 
magnet disposed a predetermined distance apart from 
the first magnet or in contact with the first magnet such 
that a second magnetic pole face having a polarity dif- 
ferent from the polarity of the first magnetic pole face is 25 
substantially parallel to the predetermined surface and 
faces towards the same side as the first magnetic pole 
face of the first magnet; a vibrating member disposed 
so as to face towards the first magnetic pole face and 
the second magnetic pole face; a pliable air layer form- 30 
ing member disposed so as to form together with the 
vibrating member an air layer of a predetermined thick- 
ness on the first magnetic pole face and second mag- 
netic pole face sides of the vibrating member; a first coil 
which is helically wound and is disposed such that mag- 35 
netic flux interlinks in an area on the vibrating member 
which corresponds to the first magnetic pole face; a sec- 
ond coil which is formed in a helical shape wound in the 
opposite direction to the first coil and is disposed such 
that magnetic flux interlinks in an area on the vibrating 40 
member which corresponds to the first magnetic pole 
face, and such that the second coil overlaps with the first 
coil in an area on the vibrating member which corre- 
sponds to the first magnetic pole face, and whose inner 
peripheral end is connected to an inner peripheral end 
of the first coil; a third coil which is formed in a helical 
shape wound in the same direction as the second coil, 
and which is disposed such that magnetic flux interlinks 
in an area on the vibrating member which corresponds 
to the second magnetic pole face, and whose outer pe- so 
ripheral end is connected to an outer peripheral end of 
the second coil; and a fourth coil which is formed in a 
helical shape wound in the same direction as the first 
coil, and which is disposed such that magnetic flux in- 
terlinks in an area on the vibrating member which cor- 55 
responds to the second magnetic pole face, and such 
that the fourth coil overlaps with the third coil in an area 
on the vibrating member which corresponds to the sec- 



ond magnetic pole face, and whose inner peripheral nd 
is connected to an inner peripheral end of the third coil. 
[0052] In the fifth to ninth aspects of the present in- 
vention, a first coil is provided on one surface of the vi- 
brating member and a second coil is provided on anoth- 
er surface of the vibrating member. The inner peripheral 
end of the second coil is passed through the vibrating 
member and connected to the internal peripheral end of 
the first coil. A third coil is provided on the other surface 
of the vibrating member and a fourth coil is provided on 
the one surface of the vibrating member. The inner pe- 
ripheral end of the fourth coil is passed through the vi- 
brating member and connected to the inner peripheral 
end of the third coil. By providing coils on both surfaces 
of the vibrating member in this manner, the vibrating 
member can be used efficiently. 

[0053] Moreover, because the Inner peripheral ends 
of the first and second coils are connected to each other, 
and because the inner peripheral ends of the third and 
fourth coils are connected to each other, and because 
the outer peripheral ends of the second and third coils 
are connected to each other, the coils can be formed 
from a single continuous wire. 

[0054] In the fifth to ninth aspects, the first coil, the 
second coil, the third coil, and the fourth coil form one 
coil group and the outer peripheral end of the first coil 
of one coil group can be connected to the outer periph- 
eral end of the fourth coil of the adjacent coil group. In 
this way, it is possible to arrange a plurality of coil 
groups. In this case as well, because the current flows 
in the same direction through each coil of adjacent coil 
groups disposed on the same surface, the efficiency can 
be improved and noise generation can be reduced to an 
absolute minimum. 

[0055] It is possible to superpose a plurality of these 
coil groups in the direction of the coil thickness. 
[0056] In the sixth to ninth aspects of the present in- 
vention as well, as in the second to fourth aspects, when 
the first magnet and second magnet are positioned a 
predetermined distance apart, it is effective if the coils 
are disposed such that the inner and outer peripheries 
of the spiral coils are positioned at positions on the vi- 
brating body sandwiching a position corresponding to 
the outer edge of the first magnetic pole face. When the 
first magnet and second magnet are positioned in con- 
tact with each other, it is effective if the coils are posi- 
tioned such that the inner peripheries of the spiral coils 
are each positioned on the vibrating body outside an ar- 
ea which includes a position corresponding to the center 
of the magnetic pole faces, and such that the outer pe- 
ripheries of the spiral coils do not overlap each other. 
[0057] Note that in the sixth to eighth aspects of the 
present invention, when the first magnet and second 
magnet are sandwiched between a pair of vibrating bod- 
ies, the direction of the current flowing through the coils 
corresponding to the respective magnets is reversed for 
each of the vibrating bodies. As a result, the directions 
of the forces from the magnetic fields acting on the cur- 
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rent flowing through the coils of the respective vibrating 
bodies are made the same and the numbers of interlink- 
ing magnetic fluxes increased, thus enabling the sound 
pressure to be increased. 

[0058] The tenth aspect of the present invention is a 
flat acoustic conversion device comprising: a first mag- 
net disposed so that a first magnetic pole face is sub- 
stantially parallel to a predetermined surface; a second 
magnet disposed adjacent to or in contact with the first 
magnet such that a second magnetic pole face having 
a polarity different from the polarity of the first magnetic 
pole face is substantially parallel to the predetermined 
surface and faces towards the same side as the first 
magnetic pole face of the first magnet; a vibrating mem- 
ber provided with a conductor placement portion and 
having a conductor which interlinks with magnetic flux 
from the first and second magnets disposed on the con- 
ductor placement portion; a housing member for hous- 
ing the conductor and the vibrating member together; 
and a pliable supporting member for enveloping the con- 
ductor placement portion of the vibrating member to- 
gether with the conductor and thereby supporting the 
conductor placement portion of the vibrating member to- 
gether with the conductor such that the conductor place- 
ment portion of the vibrating member is capable of vi- 
brating together with the conductor without the conduc- 
tor placement portion of the vibrating member and the 
conductor coming into contact with the inner surface of 
the housing member. 

[0059] A conductor is placed on the conductor place- 
ment portion of the vibrating member of the tenth aspect 
of the present invention. The vibrating member and the 
conductor are supported inside a housing member by 
being enveloped by a pliable supporting member such 
that the vibrating member is capable of vibrating togeth- 
er with the conductor without the vibrating member and 
conductor coming into contact with the internal surface 
of the housing member. Therefore, when current is sup- 
plied to a conductor with which magnetic flux interlinks, 
the current flowing through the conductor receives force 
from the magnetic flux and the conductor placement 
portion of the vibrating member is energized so as to 
vibrate together with the conductor, thus producing 
sound. Ester wool, a non-woven fabric made from ure- 
thane, cloth, cotton , or the like can be used for the pliable 
supporting member. In addition to the coils formed in a 
helical shape that are described below, it is also possible 
to use as the conductors conducting wires and the like 
positioned where the magnetic flux interacts. 
[0060] According to the tenth aspect of the present in- 
vention, because the peripheral ends of the conductor 
placement portion of the vibrating member act as a free 
terminal, it is possible to cause the entire conductor 
placement portion of the vibrating member to vibrate at 
a large amplitude. As a result, the vibrating member can 
be made to vibrate efficiently. 

[0061] The eleventh aspect of the present invention 
is a flat acoustic conversion device comprising: a first 



magnet disposed so that a first magnetic pole face is 
substantially parallel to a predetermined surface; a sec- 
ond magnet disposed adjacent to or in contact with the 
first magnet such that a second magnetic pole face hav- 
5 jng a polarity different from the polarity of the first mag- 
netic pole face is substantially parallel to the predeter- 
mined surface and faces towards the same side as the 
first magnetic pole face of the first magnet; a vibrating 
member provided with a coil placement portion and hav- 

10 ing a coil which interlinks with magnetic flux from the first 
and second magnets disposed on the coil placement 
portion; a housing member for housing the coil and the 
vibrating member together; and a pliable supporting 
member for enveloping the coil placement portion of the 

'5 vibrating member together with the coil and thereby sup- 
porting the coil placement portion of the vibrating mem- 
ber together with the coil such that the coil placement 
portion of the vibrating member is capable of vibrating 
together with the coil without the coil placement portion 

20 of the vibrating member and the coil coming into contact 
with the inner surface of the housing member. 
[0062] A coil is placed on the coil placement portion 
of the vibrating member of the eleventh aspect of the 
present invention. The vibrating member and the coil are 

25 supported inside a housing member by being enveloped 
by a pliable supporting member such that the vibrating 
member is capable of vibrating together with the coil 
without the vibrating member and coil coming into con- 
tact with the internal surface of the housing member. Ac- 

30 cordingly, the peripheral ends of the vibrating member 
are supported in a state of being a free end which can 
vibrate. Therefore, when current is supplied to a coil with 
which magnetic flux interlinks, the current flowing 
through the coil receives force from the magnetic flux 

35 and the coil placement portion of the vibrating member 
is energized so as to vibrate together with the coil, thus 
producing sound. Ester wool, a non-woven fabric made 
from urethane, cloth, cotton, or the like can be used for 
the pliable supporting member. 

40 [0063] According to the eleventh aspect of the present 
invention, because the peripheral ends of the coil place- 
ment portion of the vibrating member act as a free end, 
it is possible to cause the entire coil placement portion 
of the vibrating member to vibrate at a large amplitude. 

45 As a result, the vibrating member can be made to vibrate 
efficiently. 

[0064] Note that it is preferable if the coil placement 
portion is disposed adjacent to and facing the first mag- 
netic pole face and second magnetic pole face because, 

50 in that case, the magnetic flux traveling in a direction 
substantially parallel with the vibrating member surface 
and acting on those portions of the first and second coils 
which are adjacent to each other can be increased. 
[0065] Moreover, in the tenth and eleventh aspects of 

55 the present invention, it is possible to place the first and 
second magnets on a flexible member such as cloth, 
flexible plastic, or the like and to form the housing mem- 
ber from a flexible member of the same material as that 
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used above. By using this structure, it is possible to 
make the flat acoustic conversion device itself flexible 
which makes it possible to accommodate the flat acous- 
tic conversion device inside clothing, or inside a shoul- 
der pad, or the like. Note that it is also possible to form 5 
the flexible member from a plurality of small rigid pieces 
connected together. 

[0066] In the twelfth aspect of the present invention, 
a speaker edge is used which is provided with a curved 
portion comprising an elastic member having a portion 10 
between an outer peripheral portion and an inner pe- 
ripheral portion thereof formed in a curved shape, and 
an outer peripheral portion of which speaker edge is 
fixed to a frame, and an outer peripheral portion of a 
vibrating member is fixed to an inner peripheral portion *5 
of the speaker edge, wherein a high elastic modulus por- 
tion whose modulus of elasticity is higher than a modu- 
lus of elasticity of surrounding portions is formed in at 
least one portion in the longitudinal direction of the 
curved portion thus reducing the amount the high elastic 20 
modulus portion is displaced by external force. 
[0067] When the speaker edge is supporting a vibrat- 
ing member, the load of the vibrating member is borne 
by the curved portion. The load on the curved portion 
differs depending on the size and shape of the vibrating 25 
member. The load also differs depending on the location 
of the curved portion. If the vibrating member has a nar- 
row, elongated shape, the load is particularly large on 
the curved portion near the center in the longitudinal di- 
rection of the vibrating member, leading to the vibrating 30 
member sagging. As a result, the vibrating member can- 
not be kept parallel to the main surface of the frame. 
Therefore, high elastic modulus portions are provided 
in the curved portion at positions where the load is 
thought to be great, preventing the vibrating member 35 
from sagging. When sound is output, because the vi- 
brating member starts vibrating from this state, a flat 
wave with no phase difference can be output. 
[0068] It is also possible to provide the high elastic 
modulus portion by thickening at least one portion in the *o 
longitudinal direction of the curved portion, or by in- 
creasing the density of the elastic member forming that 
one portion. 

[0069] The thirteenth aspect of the present invention 
is a flat acoustic conversion device comprising: a frame *s 
provided with a base on which a plurality of magnets are 
arranged such that a direction faced by a predetermined 
polarity of one magnet is the opposite of a direction 
faced by a predetermined polarity of a magnet adjacent 
to the one magnet, and a peripheral wall provided on so 
the base so as to surround the plurality of magnets; a 
vibrating member facing the base and provided with a 
first helically wound coil and a second helically wound 
coil whose coil winding directions differ in accordance 
with a polarity of whichever of the plurality of magnets 55 
the coil is facing; and a speaker edge provided with a 
curved portion comprising an elastic member having a 
portion between an outer peripheral portion and an inner 



peripheral portion thereof formed in a curved shape, and 
an outer peripheral portion of the speaker edge is fixed 
to a frame, and an outer peripheral portion of the vibrat- 
ing member is fixed to an inner peripheral portion of the 
speaker edge, and a high elastic modulus portion whose 
modulus of elasticity is higher than a modulus of elas- 
ticity of surrounding portions is formed in at least one 
portion in the longitudinal direction of the curved portion 
thus reducing the amount the high elastic modulus por- 
tion is displaced by external force. 
[0070] The speaker edge supports the vibrating mem- 
ber such that the first and second helically wound coils 
are positioned above the plurality of magnets which 
have different polarities in a direction perpendicular to 
the surface of the base. Each of the magnets is posi- 
tioned on the base such that the orientation of the po- 
larity of one magnet is different from the orientation of 
the polarity of a magnet adjacent to the one magnet. Ac- 
cordingly, the direction of a magnetic flux (magnetic 
field) is from a particular magnet to a magnet adjacent 
to that particular magnet so that the magnetic flux be- 
tween magnets increases. When current for a sound 
signal is supplied to the first and second helical coils, a 
force is generated in the first and second helical coils in 
accordance with Fleming's left-hand law. As a result, the 
vibrating member is displaced in a direction perpendic- 
ular to the surface thereof, thus producing a sound. In 
this case, the curved portion of the speaker edge pro- 
vided with a higher modulus of elasticity at portions 
where the load is likely to be great, thus preventing the 
vibrating member from sagging. When sound is output, 
because the vibrating member starts vibrating from this 
state, a flat wave with no phase difference can be output. 
[0071] It is also possible to provide the high elastic 
modulus portion in the speaker edge by thickening at 
least one portion in the longitudinal direction of the 
curved portion, or by increasing the density of the elastic 
member forming that one portion. Alternatively, it is pos- 
sible to provide a plurality of high elastic modulus por- 
tions in the longitudinal direction of the curved portion. 
[0072] In each of the above aspects, a plurality of 
magnet rows comprising alternate first and second mag- 
nets in one direction can be arranged such that the first 
and second magnets are alternated in a second direc- 
tion at a right angle to the first direction. By using this 
type of arrangement, a plurality of first magnets and a 
plurality of second magnets can be arranged in a matrix 
pattern. Moreover, when the magnets are arranged in a 
matrix pattern, it is possible to provide first and second 
coils or first to fourth coils to correspond to each of the 
first and second magnets thus positioned. 
[0073] Moreover, in the third and fourth aspects of the 
invention, when the magnets are arranged in a matrix 
pattern . as described above, it is possible to position 
each of the first and second magnets so as to corre- 
spond to each of the first and second coils or first to 
fourth coils. 

[0074] By arranging each of a plurality of first magnets 
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and a plurality of second magnets in a matrix formation, 
as described above, it is possible to increase the 
number of magnets in comparison with when bar mag- 
nets are arranged in rows. Moreover, because the 
number of coils provided is the same as or a multiple of 
the number of magnets, the overall length of the portions 
of the coils interlinking with the magnetic flux can be 
lengthened. Further, the proportion of the surface of the 
vibrating member occupied by the coils is increased, 
thereby improving the sound conversion efficiency and 
further improving the sound quality. 
[0075] As described above, when a plurality of first 
magnets and a plurality of second magnets are ar- 
ranged in a matrix pattern, the first coils L1 and the sec- 
ond coils L2 can be connected as is shown in Figs. 2 
and 3 described above. 

[0076] Furthermore, when a plurality of first magnets 
and a plurality of second magnets are used, coil group 
units each comprising first and second coils connected 
together in series, as shown in Figs. 2 and 3, can be 
connected in parallel, as shown in Fig. 3C. 
[0077] By connecting together a plurality of coils in se- 
ries or in parallel, or in a combination of serial and par- 
allel connections, the impedance of the flat speaker can 
be set to an appropriate value. Moreover, because the 
coils can be freely connected in this way, it is possible 
to form a coil group from either one coil or from a plurality 
of coils connected together. As a result, by providing a 
plurality of coil groups inside a flat speaker unit and con- 
necting a separate signal source to each coil group, mul- 
ti-channei sound sources or stereophonic sound sourc- 
es can be obtained using a single flat speaker. It is, of 
course, also possible to connect a single signal source 
to all of the coil groups. 

[0078] At least one of the first and second magnets 
can be made in a plurality of types of shape. In this case, 
the first and second coils can be wound in shapes which 
are the same as the outlines of the first and second mag- 
nets. By forming magnets in a plurality of different 
shapes, it is possible to arrange the first and second 
magnets to match the shape of the flat acoustic conver- 
sion apparatus. Therefore, any shape can be given to 
the flat acoustic conversion device allowing increased 
freedom when designing the shape of the overall acous- 
tic conversion device. 

[0079] The above magnets and coils can be formed 
in free shapes such as triangles, quadrangles, penta- 
gons, hexagons, or other polygons, circles, ellipses, or 
even in irregular shapes. It is possible, for example, to 
arrange triangular and quadrangular or other polygonal- 
ly shaped magnets m in a matrix pattern where each 
magnet is either in contact with adjacent magnets, is 
very close to adjacent magnets, or is a predetermined 
distance apart from adjacent magnets, as is shown in 
Fig. 4. By then positioning helically wound coils L on the 
vibrating membersurface to correspond to each magnet 
so as to intersect magnetic flux directed along the sur- 
face of the vibrating member and along the directions of 



the gaps between each magnet, the shape of the overall 
acoustic conversion device can be designed with a de- 
gree of freedom. Thus acousticconversion devices hav- 
ing shapes unlike such devices hitherto can be formed 

5 and the setting of the impedance becomes flexible. 
[0080] By combining such shapes and patterns of ar- 
rangement, a plurality of magnets having small magnet- 
ic pole faces can be provided and the area occupied by 
coils surrounding each magnet can be increased, as 

10 compared with when bar magnets are arranged in a plu- 
rality of parallel rows. In addition, the driving force di- 
rected at the vibrating member can be increased and 
made more uniform, compared with when bar magnets 
are used. 

15 [0081] As is shown in Fig. 5, when magnets shaped 
as equilateral triangles are arranged adjacent to each 
other, in contact with each other, or a predetermined dis- 
tance apart from each other in the shape of an equilat- 
eral triangle so as to form a speaker (i.e. an acoustic 

20 conversion device) having the outline of an equilateral 
triangle, because there is no mutual interference be- 
tween sound waves reflected from each side of the 
speaker, the sound quality can be particularly improved. 
Note that the shape of the triangle is not limited to the 

25 above equilateral triangle and a right angle triangle 
shape may also be employed. 

[0082] The above first and second magnets can be 
placed on a plate-shaped member made from a mag- 
netic body If the magnets are placed on a member 

30 made from a magnetic body, the plate-shaped member 
acts as a magnetic path and almost all the magnetic flux 
travels only within this magnetic path and does not leak 
to the outside. Therefore, high density magnetic flux can 
be generated on the first magnetic pole face and second 

35 magnetic pole face sides enabling a high volume sound 
signal to be generated. In this case, if the peripheral edg- 
es of the magnetic body are bent in the direction of the 
magnet placement surface so as to form an angle rela- 
tive to the magnet placement surface, magnetic flux ex- 

40 its the N pole, travels along the magnet placement sur- 
face from the bent portion, and enters into the S pole. 
Therefore, there is no leakage of magnetic flux to the 
outside from the side surfaces and the magnetism can 
be shielded even more efficiently. 

45 [0083] Note that, if a second plate-shaped member 
made from a magnetic body is provided on the opposite 
side of the plate-shaped member with the vibrating 
member sandwiched in-between, magnetic flux passes 
through the middle of the second plate-shaped member, 

50 thereby enabling leakage of the magnetic flux to the out- 
side to be prevented. In this case, it is preferable to form 
at least one hole for allowing sound to pass through, in 
at least one of these plate members. 
[0084] In the present invention, the vibrating member 

55 is vibrated due to force which the current flowing through 
the coils receives from the magnetic field. However, if 
the portion of the vibrating member where the same coil 
group is placed does not vibrate as an integral entity, a 
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large sound output cannot be obtained and sound dis- 
tortion and noise are generated. Therefore, it is prefer- 
able if the hardness of the vibrating member at the 
placement portion where the coils are placed is in- 
creased. On the other hand, because the vibrating 
member as a whole needs to be able to vibrate freely in 
a direction perpendicular to the surface of the vibrating 
member, it is preferable if the hardness of portions of 
the vibrating member other than the placement portions 
where coils are placed is decreased making it easier for 
the coil placement portion of the vibrating member to be 
displaced in a direction perpendicular to the surface of 
the vibrating member. For this reason, in the present in- 
vention, it is preferable if the hardness of the placement 
portion of the vibrating member is made harder than the 
hardness of portions other than the placement portion. 
Therefore, because the hardness of the portion support- 
ing the vibrating member surrounding the placement 
portion is decreased, the vibrating member can be effi- 
ciently vibrated. 

[0085] The structure where the vibrating member is 
harder in the coil placement portion can be obtained by 
coating the coil placement portion of the vibrating mem- 
ber to make it harder than the vibrating member sur- 
rounding the coil placement portion. It is also possible 
to make the hardness of the coil placement portion hard- 
r than that of portions surrounding the coil placement 
portion by placing coils on the coil placement portion of 
the vibrating member and adhering the vibrating mem- 
ber on which the coils have been placed to another vi- 
brating member not as hard as the vibrating member. 
[0086] Moreover, if an elastic portion surrounding the 
coil placement portion is provided between the support- 
ing portion for supporting the support member and the 
placement portion where coils are placed of the vibrating 
member, the entire coil placement portion is able to 
move parallel to a direction perpendicular to the surface 
of the vibrating member. Therefore, it is possible to vi- 
brate the vibrating member more efficiently. 
[0087] In the present invention, as is shown in Figs. 
6A and 6B, when magnets m are arranged such that the 
polarities of adjacent magnets are different from each 
other, because the magnetic flux between adjacent 
magnets flows from the N pole into two S poles, the mag- 
netic flux in the area between magnets travels in a di- 
rection substantially parallel to the surface of the vibrat- 
ing member. However, if the polarities of adjacent mag- 
nets are the same, or, as is shown in Fig. 7, the polarities 
are different, but a portion of magnetic pole faces having 
the same polarity are adjacent to each other positions 
are created in the central portions of the N poles where 
the direction of the magnetic flux is reversed. Because 
of this, the position where the direction of the current 
flowing through the coil is reversed needs to be de- 
signed with an extremely high degree of accuracy, and 
therefore, the above arrangement is not practical. Fur- 
thermore, as is shown in Fig. 8, if an odd number of tri- 
angular magnets m are arranged in a type of circle, it is 
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inevitable that two adjacent magnets will have the same 
polarities. Because the direction of the magnetic flux be- 
tween the two adjacent magnets having the same po- 
larity is reversed, this arrangement is not practical. Ac- 
5 cordingly, as is shown in Figs 6A and 6B, it is preferable 
if adjacent magnets are placed such that there is no ir- 
regular positioning between adjacent magnets. 
[0088] As described above, according to the first, fifth, 
tenth, and eleventh aspects of the present invention, be- 

10 cause a first magnet and a second magnet are placed 
on a predetermined surface so as to be a slight distance 
from each other or in contact with each other such that 
the magnetic pole faces facing in the same direction of 
the first magnet and second magnet have different po- 

15 larities, the magnetic flux traveling in a direction sub- 
stantially parallel to the surface of the vibrating member 
is at the maximum value. Moreover, because a first coil 
and second coil are both positioned such that there is 
interlinking magnetic flux, the magnetic flux traveling in 

20 a direction substantially parallel to the surface of the vi- 
brating member interlinks with the first coil and second 
coil . Accordingly, when current is supplied to the first coil 
and second coil, the direction of the force from the mag- 
netic field acting on the current is substantially perpen- 

25 dicular to the surface of the vibrating member and the 
force in a direction along the surface of the vibrating 
member is extremely small. As a result, the effect is ob- 
tained that noise components are reduced and the 
sound quality can be improved. 

30 [0089] According to the second and ninth aspects of 
the present invention, because a first magnet and a sec- 
ond magnet are placed on a predetermined surface so 
as to be a predetermined distance from each other or in 
contact with each other such that the magnetic pole fac- 

35 es facing in the same direction of the first magnet and 
second magnet have different polarities, the magnetic 
flux travels in a direction substantially parallel to the sur- 
face of the vibrating member. Moreover, because a first 
coil and second coil are both positioned such that there 

40 is interlinking magnetic flux, the magnetic flux traveling 
in a direction substantially parallel to the surface of the 
vibrating member interlinks with the first coil and second 
coil. Accordingly, when current is supplied to the first coil 
and second coil, the direction of the force from the mag- 

45 netic field acting on the current is substantially perpen- 
dicular to the surface of the vibrating member and the 
force in a direction along the surface of the vibrating 
member is extremely small. In addition, the phase of 
sound reflected in the direction of the vibrating member 

50 \s made uniform by the pliable air layer-forming member. 
As a result, the effect is obtained that noise components 
are reduced and the sound quality can be improved. 
[0090] Furthermore, if a plurality of first magnets and 
a plurality of second magnets are arranged in a matrix 

55 pattern adjacent to each other or in contact with each 
other, more magnets can be positioned than when bar 
magnets are arranged in parallel rows. The number of 
coils can also be made either the same as or a multiple 
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of the number of magnets. Therefore, the effects are ob- 
tained that the overall length of the portion of the coil 
which interlinks with the magnetic flux can be length- 
ened, the proportion of the surface area of the vibrating 
member occupied by the coils can be increased, the 5 
acoustic conversion efficiency improved, and the sound 
quality further improved. 

[0091] In addition, if the shape of at least one of the 
first and second magnets is made in a plurality of types, 
it is possible to arrange the first and second magnets to io 
match the shape of the flat speaker. Therefore, the effect 
is obtained that the flat acoustic conversion device can 
have any shape allowing increased freedom when de- 
signing the shape of the overall speaker. 
[0092] Note that, in each of the above-described as- 1$ 
pects, examples were described of when a flat acoustic 
conversion device was used as a speaker. However, by 
vibrating the vibrating membrane and generating an in- 
duction current in the conductor and coil, the flat acous- 
tic conversion device may also be used as a micro- so 
phone, or as an ordinary acoustic conversion device 
other than a flat acoustic conversion device, or a vibra- 
tion actuator for vibrating a member which can be vibrat- 
ed. 

[0093] According to the third, fourth, and sixth to 25 
eighth aspects of the present invention, because a plu- 
rality of first magnets and a plurality of second magnets 
are fixed on a vibrating body or held between a vibrating 
body and a holding member so as to be a predetermined 
distance from each other or in contact with each other 30 
such that the magnetic pole faces facing in the same 
direction of the first magnet and second magnet have 
different polarities, the flat speaker unit can be made 
thinner. Furthermore, because the magnetic flux travels 
in a direction substantially parallel to the surface of the 35 
vibrating member, and because the magnetic flux 
traveling in a direction substantially parallel to the sur- 
face of the vibrating member interlinks in the first coil 
and second coil, when current is supplied to the first coil 
and second coil, the direction of the force from the mag- *o 
netic field acting on the current is substantially perpen- 
dicular to the surface of the vibrating member and the 
force in a direction along the surface of the vibrating 
member is extremely small. As a result the effect is ob- 
tained that noise components are reduced and the *5 
sound quality can be improved. 

[0094] Furthermore, if a plurality of first magnets and 
a plurality of second magnets are arranged in a matrix 
pattern either a predetermined distance from each other 
or in contact with each other, more magnets can be po- so 
sitioned than when bar magnets are arranged in parallel 
rows. The number of coils can also be made either the 
same as or a multiple of the number of magnets. There- 
fore, the effects are obtained that the overall length of 
the portion of the coil which interlinks with the magnetic 55 
flux can be lengthened, the proportion of the surface ar- 
ea of the vibrating member occupied by the coils can be 
increased, the acoustic conversion efficiency improved, 



and the sound quality further improved. 
[0095] In addition, if the shape of at least one of the 
first and second magnets is made in a plurality of types, 
it is possible to arrange the first and second magnets to 
match the shape of the flat speaker. Therefore, the effect 
is obtained that the flat acoustic conversion device can 
have any shape allowing increased freedom when de- 
signing the shape of the overall speaker. 
[0096] Note that, in the above aspects, when the mag- 
net is mounted to the vibrating body, it s preferable to 
dispose a non-magnetic pliable member between the vi- 
brating body and the magnet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0097] 

Fig. 1 is an exploded perspective view showing a 
conventional flat speaker. 

Figs. 2A and 2B are explanatory diagrams showing 
connections between a first coil and a second coil 
when the coil winding directions are the same in the 
present invention. 

Figs. 3A, 3B and 3C are explanatory diagrams 
showing connections between a first coil and a sec- 
ond coil when the coil winding directions are differ- 
ent in the present invention. 

Fig. 4 is a plan view showing the disposition of mag- 
nets which have been positioned so that the polar- 
ities of the magnetic pole faces of adjacent perma- 
nent magnets are different to each other. 
Fig. 5 is a plan view showing the disposition of mag- 
nets which have been positioned in a regular pat- 
tern so that the polarities of the magnetic pole faces 
of adjacent permanent magnets are different to 
each other. 

Figs. 6A and 6B are plan views showing examples 
of the disposition of magnets when there is no irreg- 
ular positioning between adjacent magnets of the 
present invention. 

Fig. 7 is a plan view showing the disposition of mag- 
nets when there is irregular positioning between ad- 
jacent magnets of the present invention. 
Fig. 8 is a plan view showing the disposition of an 
odd number of magnets arranged in a circular con- 
figuration. 

Fig. 9 is an exploded perspective view of a first em- 
bodiment of the present invention. 
Fig. 10 is a partial perspective view showing a hel- 
ically wound coil disposed outside a position on the 
vibrating membrane of the above first embodiment 
which corresponds to the outer peripheral portion 
of a permanent magnet. 

Fig. 11 is an exploded perspective view of a second 

embodiment of the present invention. 

Fig. 1 2 is a plan view showing connections between 

coils in the above second embodiment. 

Fig. 1 3 is an explanatory view showing connections 
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between coils positioned on both front and rear sur- 
faces of the vibrating membrane of the above sec- 
ond embodiment. 

Fig. 1 4 is a cross-sectional view taken along a plane 
passing through permanent magnets ml 8 to m38 5 
of the above second embodiment. 
Fig. 1 5 is a cross-sectional view taken aiong a plane 
passing through coil pairs L11 to L31 showing an- 
other example of fixing a vibrating membrane. 
Fig. 1 6 is a cross-sectional view showing a variant 10 
example when a peripheral wall formed from mag- 
netic members and of approximately the same 
height as the permanent magnets is provided on a 
plate-shaped member. 

Fig. 17 is an exploded perspective view showing a 15 
third embodiment of the present invention. 
Fig. 1 8 is an exploded view of the third embodiment 
of the present invention. 

Fig. 1 9 is a plan view showing connections between 
coils in the above third embodiment. 20 
Fig. 20 is a partial cross-sectional view of the third 
embodiment of the present invention. 
Fig. 21 is a cross-sectional view of the fourth em- 
bodiment of the present invention. 

Fig. 22A is a plan view and Fig. 22B is a cross-sec- 25 
tional view of the disposition of the permanent mag- 
nets whose magnetic flux distribution is measured 
in Fig. 23. 

Fig. 23A is a graph showing the magnetic flux dis- 
tribution when permanent magnets are placed in 30 
contact with each other with no gaps in between. 
Fig. 23B is an explanatory view showing the dispo- 
sition of the coils corresponding to the magnetic flux 
distribution of Fig. 23A. 

Fig. 24A is a plan view and Fig. 24B is a cross-sec- 35 
tional view of the disposition of the permanent mag- 
nets whose magnetic flux distribution is measured 
in Fig. 25. 

Fig. 25A is a is a graph showing the magnetic flux 
distribution when permanent magnets are placed 40 
with a gap between each other. Fig. 25B is an ex- 
planatory view showing the disposition of the coils 
corresponding to the magnetic flux distribution of 
Fig. 25A. 

Fig. 26 is an exploded perspective view showing the 45 
fifth embodiment of the present invention. 
Fig. 27 is an exploded perspective view showing the 
sixth embodiment of the present invention. 
Fig. 28 is a cross-sectional view taken along a plane 
passing through the permanent magnets m18 to 50 
m38 of the above sixth embodiment. 
Fig. 29 is an exploded perspective view showing the 
seventh embodiment of the present invention. 
Fig. 30 is a partial cross-sectional view of the sev- 
enth embodiment of the present invention. 55 
Fig. 31 is a partial cross-sectional view of a variant 
example of the seventh embodiment. 
Fig. 32 is an exploded perspective view showing the 



eighth embodiment of the present invention. 
Fig. 33 is a cross-sectional view of the eighth em- 
bodiment. 

Fig. 34 is a schematic view showing directions of 
forces acting on the current flowing through coils in 
the eighth embodiment. 

Fig. 35 is an exploded perspective view showing the 
ninth embodiment of the present invention. 
Fig. 36 is a cross-sectional view taken along a plane 
passing through the permanent magnets m18 to 
m38 of the above ninth embodiment. 
Fig. 37 is a cross-sectional view showing a variant 
example when permanent magnets are positioned 
with a predetermined spacing between each mag- 
net. 

Fig. 38 is a cross-sectional view showing a variant 
example of a group of permanent magnets. 
Fig. 39 is an exploded view of a flat speaker unit 
according to the embodiments of the present inven- 
tion. * 
Fig. 40 is a cross-sectional view showing the main 
portions of the tenth embodiment of the present in- 
vention. 

Figs. 41 A to 41 C are views explaining a method of 
producing the edge of the tenth embodiment. 
Fig. 42 is a perspective view showing another ex- 
ample of an edge. 

Fig. 43 is a perspective view showing yet a further 
example of an edge. 

Fig. 44 is a cross-sectional view showing another 
example of a vibrating membrane. 
Fig. 45 is a cross-sectional view of the eleventh em- 
bodiment of the present invention. 
Fig. 46 is a plan view of a first base of the eleventh 
embodiment. 

Fig. 47 is a plan view of a second base provided 
with conducting wires of the eleventh embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0098] Embodiments of the application of the present 
invention to a speaker will now be described in detail 
with reference made to the drawings. 

(First embodiment) 

[0099] As is shown in Fig. 9, the flat speaker unit of 
the first embodiment is provided with a yoke 20 com- 
prising a rectangular plate-shaped member formed from 
a magnetic body. A flat, triangular permanent magnet 
M11 is disposed at one corner portion of the top surface 
of the yoke 20 with the S polarity magnetic pole face 
thereof facing upwards and with the oblique line of the 
triangle facing towards the comer of the yoke 20. The 
permanent magnet M11 is fixed in place using an adhe- 
sive. A ferrite based magnet or neodymtum based mag- 
net can be used for the permanent magnet. 
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[0100] Aflat, quadrangular permanent magnet M1 2 is 
disposed at a position adjacent to the permanent mag- 
net M11 along the longitudinal side of the yoke 20 with 
the N polarity magnetic pole face thereof facing upwards 
and with the surface of one side thereof in contact with 
the surface of one side of the permanent magnet M1t . 
[01 01 ] A flat, quadrangular permanent magnet M 1 3 is 
disposed at a position adjacent to the permanent mag- 
net M12 along the longitudinal side of the yoke 20 with 
the S polarity magnetic pole face thereof facing up- 
wards. A flat, triangular permanent magnet M14 is dis- 
posed at a position adjacent to the permanent magnet 
M13 with the N polarity magnetic pole face thereof fac- 
ing upwards and with each side surface thereof in con- 
tact with the adjacent two permanent magnets. 
[0102] Three permanent magnets are positioned with 
magnetic pole faces of alternating polarities facing up- 
wards at adjacent positions in the direction of the trans- 
verse sides of each of the permanent magnets M11, 
M12, M13, and M14 in the yoke 20 and with the side 
surfaces thereof in contact with the adjacent permanent 
magnet. Because the permanent magnets M11 to M34 
are flat with parallel front and rear surfaces, each mag- 
netic pole face is parallel with the top surface of the yoke 
20 and faces in the same direction. 
[0103] Consequently, a combination of 12 triangular 
and quadrangular permanent magnets are disposed in 
a matrix pattern with no gap between magnets and with 
adjacent permanent magnets having different polarities 
facing upwards and also with the triangular permanent 
magnets positioned in the four corner portions. Because 
the permanent magnets have been positioned with no 
gap between magnets such that the polarities of adja- 
cent permanent magnets are different, the magnetic flux 
in a direction substantially parallel to the surface of the 
vibrating membrane is greatest between adjacent per- 
manent magnets. 

[0104] Note that when a permanent magnet Mij, 
whose upwards facing magnetic pole face has a first po- 
larity (wherein, when i = 1 or 3, then j = 1 or 3 and when 
i = 2, then j = 2 or 4), corresponds to one of the first and 
second magnets of the present invention, then a perma- 
nent magnet Mij, whose upwards facing magnetic pole 
face has a second polarity (wherein, when i = 1 or 3, 
then j = 2 or 4 and when i = 2. then j = 1 or 3), corre- 
sponds to the other one of the first and second magnets 
of the present invention. Accordingly, a plurality of rows 
of magnets with each row comprising a plurality of mag- 
nets arranged so that magnetic pole faces of alternating 
polarities face upwards along one of either the longitu- 
dinal or transverse sides of the yoke are arranged par- 
allel to each other such that magnetic pole faces of al- 
ternating polarities face upwards along the other of ei- 
ther the longitudinal or transverse sides of the yoke. 
[01 05] A frame-shaped spacer 1 6 whose thickness is 
thicker than that of the permanent magnets is disposed 
on the top surface of the yoke 20 such that all of the 
permanent magnets are positioned inside the frame 



opening. 

[0106] The peripheral portions of the membrane sur- 
face of the vibrating membrane 26 are fixed to the top 
surface of the spacer 16 such that the membrane sur- 

5 face is parallel to magnetic pole faces of the permanent 
magnets and, accordingly, to the top surface of the yoke. 
A predetermined tensional force is also applied to the 
membrane surface and the membrane surface is dis- 
posed facing and adjacent to the magnetic pole faces 

10 of the permanent magnets. The vibrating membrane 26 
is formed from a high polymer film or the like such as 
polyimide, polyethylene terephthalate, or the like. An oc- 
tagonal coil placement portion whose hardness has 
been increased through a coating of ceramic or resist 

*5 (e.g., epoxy based) is provided in the central portion of 
the vibrating membrane 26. Accordingly, the hardness 
of the area surrounding the coil placement portion of the 
vibrating membrane 26 is less than that of the coil place- 
ment portion. The vibrating membrane 26 is fixed to the 

20 top surface of the spacer 16 via these portions with a 
lower degree of hardness. 

[0107] Helically wound coils C11 to C34 are disposed 
on one surface of the coil placement portion of the vi- 
brating membrane 26 so as to correspond to each of the 

25 permanent magnets M11 to M34. Each coil C11 to C34 
is substantially the same shape as the outer edge of 
each of the permanent magnets M11 to M34. Moreover, 
each coil C11 to C34 is formed such that coils which 
correspond to magnetic pole faces having the same po- 

30 larity are wound in the same winding direction from the 
outer periphery to the inner periphery. 
[0108] Namely, the coils C11, C14, C31, and C34 
which correspond to the triangular shaped permanent 
magnets are wound in a triangular shape, while the coils 

35 C12, C13,C21 toC24,C32, and C33 which correspond 
to the quadrangular shaped permanent magnets are 
wound in a quadrangular shape. 

[0109] This type of coil can be formed as a voice coil 
by depositing a thin copper film on the coil placement 

40 area of the vibrating membrane 26 and by etching the 
thin copper film so that the planar surface thereof is 
formed in a coil shape. Instead of depositing the thin 
copper film, it is also possible to form a coil by press 
adhering or bonding copper foil or by laminating copper 

45 plating. Each coil is then covered with an insulating ma- 
terial. 

[0110] Further as is shown in Fig. 10, the coil C12 is 
positioned in an area on the vibrating membrane such 
that the outer periphery of the coil, namely, the outer pe- 
so riphery Co, substantially matches a position corre- 
sponding to the outer edge of the magnetic pole face. 
Moreover, as is shown in Fig. 9, the coil C12 is posi- 
tioned such that the outer peripheral portion thereof (i. 
e. the coiled wiring thereof) does not overlap outer pe- 
55 ripheral portions of other coils. Each of the coils C1 1 to 
C34 is disposed in the same way as the coil C1 2 : name- 
ly, such that the outer periphery of each coil is positioned 
at an area on the vibrating membrane substantially 
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matching a position corresponding to the outer edge of 
the magnetic pole face, and such that the outer periph- 
eral portions of each coil do not overlap each other. Note 
that, because the size of the magnetic flux in predeter- 
mined areas, which include the portions of the vibrating 5 
membrane corresponding to the center of each magnet- 
ic pole face, is small, it is possible to reduce the weight 
of the vibrating membrane by not providing coils in these 
areas. 

[0111] The external peripheral ends and internal pe- 10 
ripheral ends of adjacent coils in the direction of a row 
of permanent magnets are then connected. Thus a coil 
row of coils connected in series in the order of C34 to 
C31 , a coil row of coils connected in series in the order 
of C21 to C24, and a coil row of coils connected in series *5 
in the order of C14 to C11 are formed. These coil rows 
are connected together in series in the above order. 
[01 1 2] The above yoke 20 to which the plu rality of per- 
manent magnets are fixed, and the spacer 16 to which 
is fixed the vibrating membrane 26 on which are dis- 20 
posed the plurality of coils, are assembled together by 
the peripheral edges thereof being supported by an un- 
illustrated supporting member to form a flat speaker unit. 
[0113] Because the coils have been disposed in the 
above described way on the vibrating membrane which 25 
is positioned so as to be adjacent to and parallel with 
the magnetic pole faces of the permanent magnets, the 
magnetic flux interlinks in a direction along the surface 
of the vibrating membrane in adjacent portions of each 
coil. Magnetic flux also interlinks in a direction perpen- 30 
dicular to the surface of the vibrating membrane, how- 
ever, the force from that magnetic flux is small and is 
cancel! d out because it acts in opposite directions in 
symmetrical coil positions. Accordingly, when current is 
supplied from one end of a coil group connected in se- 35 
ries in a flat speaker unit to the other end, the current 
flows in the same direction in adjacent coil portions of 
adjacent coils. Moreover, the current flowing in the ad- 
jacent portions of adjacent coils is affected by unidirec- 
tional force from the magnetic field in a direction perpen- 40 
dicular to the surface of the vibrating membrane. The 
result of this is that the vibrating membrane is hardly 
affected at all by force in a direction along the surface 
of the vibrating membrane and vibrates in a direction 
orthogonal to the surface membrane. Therefore, noise 45 
components can be greatly reduced and the sound qual- 
ity improved. Furthermore, in the above embodiment, 
because the coil placement portion of the vibrating 
membrane is ceramic coated, the ceramic coated por- 
tion vibrates as an integral unit. Therefore, there is no 50 
distortion in the sound and a high volume can be output. 
[0114] Moreover, in the present embodiment, be- 
cause a plurality of permanent magnets are disposed in 
the longitudinal direction of conventional bar magnets, 
namely, in the row direction of the present embodiment, 55 
and a plurality of coils are disposed on the vibrating 
membrane at positions corresponding to the permanent 
magnets, the combined length of the outer edge por- 



tions of the plurality of permanent magnets is longer 
than the length of the outer edges of the bar magnets, 
so that the overall length of the coil portions interlinking 
with the magnetic flux is longer than when bar magnets 
are used. The result of this is that, compared with when 
a plurality of rows of bar magnets are provided, it is pos- 
sible to improve the proportion of the surface area of the 
vibrating membrane occupied by the coils surrounding 
each magnet. It is also possible to increase the effective 
magnetic flux compared to the prior art. As a result, it is 
possible to improve the efficiency of converting an elec- 
trical signal to a sound signal and the sound quality can 
be improved. 

[0115] Furthermore, because a combination of differ- 
ent triangular and quadrangular shaped permanent 
magnets and coils are used for the permanent magnets 
and coils, the speaker can be formed in shapes different 
from those of conventional speakers. 

(Second embodiment) ' 

[01 16] The second embodiment of the present inven- 
tion will now be described with reference made to Fig. 
11. The acoustic conversion device according to the 
second embodiment is formed from a magnetic material 
and is provided with a yoke 20 comprising a rectangular 
plate-shaped member in the outer peripheral portions of 
which are punched a plurality of holes 20A. Magnet fix- 
ing portions to which are fixed permanent magnets are 
formed in the area of the yoke 20 surrounded by the 
holes 20 A. 

[0117] Flat, quadrangular permanent magnets m11 to 
m38 are fixed to the magnet fixing portions with an ad- 
hesive with the side surfaces of each magnet in contact 
with the adjacent permanent magnets with no gaps be- 
tween each magnet such that the upward facing mag- 
netic pole faces of adjacent permanent magnets have 
alternating polarities. Namely, permanent magnets mij 
(wherein when i = 1 or 3, then j = 1 , 3, 5, or 7 and when 
i = 2, then j = 2, 4, 6, or 8) are fixed in place such that S 
polarity magnetic pole faces thereof face upwards, and 
permanent magnets mij (wherein when i = 1 or 3, then 
j = 2, 4, 6, or 8 and when i = 2, then j = 1 , 3, 5, or 7) are 
fixed in place such that N polarity magnetic pole faces 
thereof face upwards. Note that the permanent magnets 
may also be fixed in place with the S and N polarities 
thereof reversed. 

[0118] A vibrating membrane 26 is disposed on the 
top surface of the yoke 20 so as to be adjacent to and 
parallel with the magnetic pole faces of the permanent 
magnets and, consequently, the top surface of the yoke. 
As in the first embodiment, the vibrating membrane 26 
is formed from a high polymer film or the like such as 
polyimide, polyethylene terephthalate, or the like. A rec- 
tangular coil placement portion on which coils are 
placed and whose hardness has been increased 
through a coating of ceramic is provided in the central 
portion of the vibrating membrane 26. Accordingly, the 
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hardness of the area surrounding the coil placement 
portion is less than that of the coil placement portion. 
[01 1 9] The vibrating membrane 26 is fixed to a frame 
24 by fixing the entire peripheral edge portions of the 
vibrating membrane 26 which have a lower degree of 
hardness to the frame 24. The size of the opening of the 
frame 24 is a size slightly larger than a size large enough 
to contain all of the permanent magnets fixed to the 
yoke. 

[0120] Coil pairs L11 to L38, each comprising a pair 
of helically shaped coils positioned on both front and 
rear surfaces of the coil placement portion, are disposed 
on the coil placement portion of the vibrating membrane 
26 at positions corresponding to each of the permanent 
magnets m11 to m38. Each coil pair L11 to L38 is heli- 
cally wound in substantially the same shape as the outer 
edges of each of the permanent magnets m11 to m38. 
Moreover, each coil is positioned in an area oh the vi- 
brating membrane such that the outer periphery of the 
coiling (namely, the outer periphery of the spirally coiled 
wiring) substantially matches a position corresponding 
to the outer edge of the magnetic pole face. Moreover, 
the coils are positioned such that the outer peripheral 
portions of each coil do not overlap. 
[0121] In the same way as in the first embodiment, 
this type of coil can be formed by press adhering or 
bonding a thin copper film on the coil placement portion 
of the vibrating membrane 26 and etching the thin cop- 
per film so that the planar surface thereof is formed in a 
coil shape. Each coil is then covered with an insulating 
material. 

[01 22] A pliable material 22 which is made from a soft 
material such as non-woven fabric, sponge, glass wool, 
urethane foam or the like is interposed between the vi- 
brating membrane 26 and the plurality of magnetic pole 
faces in order to prevent the coils being brought into con- 
tact with the magnetic pole faces by the vibration of the 
vibrating diaphragm. 

[0123] In the same way as the yoke 20, a magnetic 
shield member 28 formed from a magnetic material is 
disposed at the top surface of the vibrating membrane 
26. The magnetic shield member 28 is formed from a 
rectangular plate-shaped member in which a plurality of 
holes 28A (in the present embodiment 4 x 9 = 36 holes) 
are punched in a matrix pattern. 

[0124] As shown in Fig. 12, a plurality (six in the 
present embodiment) of coil groups G1 to G6 are formed 
by connecting a plurality (four in the present embodi- 
ment) of the coil pairs L11 to L38 together in series. 
These coil groups G1 to G6 are connected together in 
parallel. 

[01 25] A description of the coil winding directions and 
connections of the coil groups G to G6 will now be given 
with reference made to Fig. 13. Note that, the descrip- 
tion given below is for coil pairs which are connected to 
each other in series and are adjacent to each other in 
the longitudinal direction of the vibrating membrane, and 
because the winding direction and connections of each 



coil are the same, a description of the winding directions 
and connections of other coil pairs is omitted. Moreover, 
the coil of one coil pair which is positioned on the front 
surface of the coil placement portion (and which corre- 

5 sponds to the first coil of those aspects of the invention 
in which coils 1 to 4 are used) is referred to as LA1 , while 
the coil which is positioned on the rear surface of the 
coil placement portion (and which corresponds to the 
second coil of those aspects of the invention in which 

10 coils 1 to 4 are used) is referred to as LB1 . The coil of 
the other coil pair which is positioned on the front surface 
of the coil placement portion (and which corresponds to 
the third coil of those aspects of the invention in which 
coils 1 to 4 are used) is referred to as LA2, while the coil 

is which is positioned on the rear surface of the coil place- 
ment portion (and which corresponds to the fourth coil 
of those aspects of the invention in which coils 1 to 4 
are used) is referred to as LB2. Note also that all the 
winding directions of the coils are those seen when 

20 viewed from the rear side of the vibrating membrane. 
[0126] Coil LA1 is wound from the external periphery 
to the internal periphery thereof in a clockwise direction. 
Coil LB1 is wound from the internal periphery to the ex- 
ternal periphery thereof in a clockwise direction. Coil 

25 LB2 is wound from the external periphery to the internal 
periphery thereof in an anticlockwise direction. Coil LA2 
is wound from the internal periphery to the external pe- 
riphery thereof in an anticlockwise direction. According- 
ly, the winding direction of coils which are disposed on 

30 one surface of the coil placement portion is the same, 
namely, from the internal periphery to the outer periph- 
ery (or from the outer periphery to the inner periphery). 
[0127] The internal peripheral end of the coil LA1 
passes vertically through the coil placement portion of 

35 the vibrating membrane 26 from the front surface to the 
rear surface and is connected with the inner peripheral 
end of the coil LB1 . The external peripheral end of the 
coil LB1 extends along the rear surface of the coil place- 
ment portion and is connected with the outer peripheral 

40 end of the coil LB2. The internal peripheral end of the 
coil LB2 passes vertically through the coil placement 
portion of the vibrating membrane 26 from the rear sur- 
face to the front surface and is connected with the inner 
peripheral end of the coil LA2. The external peripheral 

45 end of the coil LA2 extends along the front surface of 
the coil placement portion and is connected with the out- 
er peripheral end of an unillustrated adjacent coil. 
[0128] Note that the coils within each group of coils 
are connected to each other in series by repeating the 

50 above winding directions and connections. 

[0129] When current I is supplied from the external 
peripheral end of the coil LA1 of the coil groups which 
are connected to each other in series, the current I flows 
in the direction shown by the arrow in Fig. 1 3. Therefore, 

55 the current flows in the same direction in the mutually 
adjacent portions extending from the internal periphery 
to the external periphery of the coils LA1 and LA2 and 
in the same direction in the mutually adjacent portions 
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extending from the internal periphery to the external pe- 
riphery of the coils LB1 and LB2. 

[0130] Further, the winding directions of adjacent coil 
groups, namely, the coil groups G1 and G2, the coil 
groups G2 and G3, the coil groups G4 and G5, and the 
coil groups G5 and G6 are formed so as to be mutually 
reversed. 

[0131] The above described yoke 20 to which are 
fixed the plurality of permanent magnets, the pliable ma- 
terial 22, the frame 24 to which is fixed the vibrating 
membrane 26 provided with the plurality of coils, and 
the magnetic shield member 28 are assembled as a flat 
speaker unit whose peripheral edge is supported by an 
unillustrated supporting member such that the pliable 
material 22 and the frame 24 to which is fixed the vibrat- 
ing membrane 26 provided with the plurality of coils are 
interposed between the yoke 20 and the magnetic shield 
member 28. 

[0132] Fig. 14 is a cross-sectional view of the flat 
speaker unit assembled as described above with the pli- 
able material omitted. Permanent magnet m18 is adja- 
cent to permanent magnet m28 and permanent magnet 
m28 is adjacent to permanent magnet m38 with the side 
surfaces of adjacent permanent magnets placed in con- 
tact with each other with no gap in between. The polar- 
ities of the top magnetic pole faces of adjacent magnets 
are different to each other in the same direction. As a 
result, the magnetic flux generated from each perma- 
nent magnet is directed from an N polarity magnetic pole 
face to an S polarity magnetic pole face and the mag- 
netic flux in the area between adjacent permanent mag- 
nets is directed in a direction substantially parallel to the 
vibrating membrane and is at the maximum above the 
areas of contact between permanent magnets. 
[0133] Because the coil pairs L18, L28, and L38 are 
disposed on the front and rear surfaces of the vibrating 
membrane, the magnetic flux which is directed in a di- 
rection substantially parallel to the surface of the vibrat- 
ing membrane interlinks in each coil. When current I is 
supplied to each coil in the directions shown in Fig. 13, 
then, as is shown in Fig. 14, the current flows in the same 
direction in adjacent coil portions extending from the in- 
ner peripheries to the outer peripheries of adjacent coils. 
Moreover, all of the coils are affected by a unidirectional 
force F acting in a direction perpendicular to the surface 
of the vibrating membrane so that the vibrating mem- 
brane is displaced in a direction perpendicularto the sur- 
face of the vibrating membrane. Consequently, by feed- 
ing an electrical signal representing the sound to be gen- 
erated to a coil, the vibrating membrane vibrates in ac- 
cordance with this electrical signal and a sound signal 
is able to be generated. Note that, in Figs. 1 3 and 1 4, H 
indicates the direction of the magnetic flux. 
[0134] At this time, as is shown in Fig. 14, the mag- 
netic flux of the magnetic pole face on the bottom sur- 
face of the permanent magnets exits from the N pole, 
passes through the magnetic path within the yoke 20, 
and enters into the N pole. Therefore, a magnetic flux 



34 

having a higher density can be generated on th mag- 
netic pole face of the top surface. As a result, it is pos- 
sible to efficiently convert an electric current having a 
small amplitude into a sound signal and to reduce mag- 

5 netic flux leakages to the outside of the bottom surface. 
[01 35] As shown in Fig. 1 4, because the magnetic flux 
which reaches the shield member of the magnetic pole 
face of the upper surface of the permanent magnets ex- 
its from the N pole, passes through the magnetic path 

10 within the magnetic shield member 28, and enters into 
the S pole, there is little leakage of magnetic flux to the 
outside and the magnetism can be shielded. 
[0136] Further, because a plurality of holes are 
punched in the magnetic shield member 28, the sound 

15 signals pass through these holes and are output from 
the flat speaker unit. Note that the sound signals are 
also output from the holes formed in the yoke 20. 
[0137] In the above description, an example was giv- 
en of when the periphery of the vibrating membrane 26 

20 was fixed to the frame 24, however, as is shown in Fig. 
15, it is also possible to hold the vibrating membrane in 
a frame 25. This is accomplished by forming a U-shaped 
groove in the frame 25 and holding the periphery of the 
vibrating membrane 26 in the U-shaped groove using 

25 fabric that has been impregnated with urethane foam or 
synthetic resin. 

[0138] As is shown in Fig. 16, a peripheral wall 20c 
formed from a magnetic material and erected from the 
peripheral edge of the bottom surface 20b so as to have 

30 substantially the same height as the permanent mag- 
nets can be provided on the yoke 20 of each embodi- 
ment so as to surround the permanent magnets. The 
permanent magnet m38 positioned in a corner portion 
shown in Fig. 11 has two side surfaces which are not in 

35 contact with adjacent permanent magnets. If, however, 
the peripheral wall 20c formed from a magnetic material 
is provided at the periphery of the permanent magnets 
in this way, it is possible to interlink the magnetic flux f 
generated in a direction from the N polarity magnetic 

40 pole face of the permanent magnet 38 towards the pe- 
ripheral wall 20c in a coil. Furthermore, because the 
magnetic flux exiting from the N pole passes from the 
peripheral wall 20c through the bottom surface 20b and 
enters into the S pole, no magnetic flux leakage from 

45 the side surfaces to the outside occurs and the magnet- 
ism can be shielded even more efficiently. 
[0139] In the coils of the above embodiments, the di- 
rect current resistance value can be set to a predeter- 
mined value by connecting coils to each other in series 

50 or in parallel or by connecting coils to each other in a 
combination of serial and parallel connections. By con- 
necting the coils freely in this way, it is possible to group 
voice coils together and vibrate each group as an inte- 
grated whole. 

55 

(Third Embodiment) 

[0140] The third embodiment of the present invention 
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will now be described with reference made to Figs. 1 7 
and 18. As is shown in Figs. 17 and 18, the acoustic 
conversion device according to the third embodiment is 
formed from a magnetic material and is provided with a 
yoke 20 comprising a rectangular plate-shaped member 
in the outer peripheral portions of which are punched a 
plurality of holes 20A. Magnet fixing portions to which 
are fixed permanent magnets are formed in the area of 
the yoke 20 surrounded by the holes 20A. Small boss 
insertion holes 20B for inserting bosses formed in a case 
are punched in the four corners of the yoke 20. 
[0141] One of a plurality of flat, quadrangular perma- 
nent magnets m is fixed to each of the magnet fixing 
portions with an adhesive with the magnet side surfaces 
in contact with the adjacent permanent magnets with no 
gaps between each magnet such that the upward facing 
magnetic pole faces of adjacent permanent magnets 
have alternating polarities. Namely, a plurality of rows 
of magnets are fixed in place with one magnet row in 
the direction of the longitudinal side of the yoke 20 hav- 
ing permanent magnets with the N polarity magnetic 
pole face facing upwards alternating with permanent 
magnets having the S polarity magnetic pole face facing 
upwards in an alternating row pattern with another mag- 
net row in the direction of the transverse side of the yoke 
20 having permanent magnets with the N polarity mag- 
netic pole face facing upwards alternating with perma- 
nent magnets having the S polarity magnetic pole lace 
facing upwards. Note that each permanent magnet may 
also be fixed in place with the above S and N polarities 
reversed. 

[0142] A vibrating membrane 26 is disposed on the 
top surface of the yoke 20 so as to be parallel with the 
magnetic pole faces of the permanent magnets and, 
consequently, the top surface of the yoke. The vibrating 
membrane 26 is provided with a coil placement portion 
1 2 on which coils are placed, a terminal attachment por- 
tion 14 to which terminals are attached, and connecting 
portions 18A, 18B, and 18C for connecting the coil 
placement portion 12 with the terminal attachment por- 
tion 14. The vibrating membrane 26 is formed from a 
high polymer film or the like such as polyimide, polyeth- 
ylene terephthalate. or the like. 

[0143] A plurality of coil pairs L, each comprising a 
pair of helically shaped coils positioned on both front and 
rear surfaces of the coil placement portion, are disposed 
on the coil placement portion 12 of the vibrating mem- 
brane 26 at positions corresponding to each of the per- 
manent magnets m. As was shown in Fig. 10, each coil 
pair L is wound in a helical shape and in approximately 
the same shape as the outer edges of the magnetic pole 
faces of each of the permanent magnets m. Moreover, 
each coil is positioned in an area on the vibrating mem- 
brane such that the outer peripheries of the coils (name- 
ly, the outer peripheries of the coiled wiring) substantial- 
ly match positions corresponding to the outer edges of 
the magnetic pole faces. Moreover, as is shown in Fig. 
17, the coils are positioned such that the outer periph- 



eral portions of each coil (namely, the outer peripheries 
of the coiled wiring) do not overlap. 
[0144] As is shown in Fig. 19, a plurality (nine in the 
present embodiment) of coil groups G1 to G9 are formed 

5 by connecting a plurality (four in the present embodi- 
ment) of the coil pairs L together in series. These coil 
groups G1 to G9 are connected together in parallel in 
the same way as the coil groups shown in Fig. 12. Note 
that the coil winding directions and connections of the 

io coil groups G1 to G9 are the same as those shown in 
Fig. 13 and a description thereof is omitted here. Note 
also that the coil winding directions of adjacent coil 
groups, namely, the coil groups G1 and G2, the coil 
groups G2 and G3, the coil groups G4 and G5, the coil 

15 groups G5 and G6, the coil groups G7 and G8, and the 
coil groups G8 and G9 are formed so as to be mutually 
reversed. 

[0145] The coils of these coil pairs can be formed by 
depositing a thin copper film on the coil placement por- 

20 tion 12 of the vibrating membrane 26 and etching the 
thin copper film so that the planar surface thereof is 
formed in a coil shape. Each coil is then covered with 
an insulating material such as resist. 
[0146] A positive terminal 16A and a negative terminal 

25 16B are fixed in place with a predetermined gap be- 
tween each to the terminal attachment portion 14 of the 
vibrating membrane 26. The positive terminal 16A is 
connected via two wires provided on top of the connect- 
ing portions 1 8B and 1 8C to one end of a coil group that 

30 is connected in parallel. The negative terminal 16B is 
connected via two wires provided on top of the connect- 
ing portions 18B and 18A to the other end of the coil 
group that is connected in parallel. Because the positive 
terminal and negative terminal are each connected in 

35 this way to a coil group via two wires, even if the wiring 
on the top of the connecting portions 18A and 18C is 
cut, current can still be supplied to the coil group via the 
wiring on the connecting portion 1 8B. Consequently, the 
operational reliability of the flat speaker can be im- 

40 proved. 

[0147] Further, as is shown in Fig. 18, a resin case 30 
is provided for housing the coil groups and the vibrating 
membrane 26. The case 30 is formed with a U-shaped 
cross section, inside which is provided housing space, 

45 by forming a bottom surface 30B, in which are punched 
a plurality of through holes 30A, and a peripheral wall 
30C erected from the peripheral edges of the bottom 
surface 30B. Bosses 30D are formed in each corner of 
the peripheral wall 30C. 

so [0148] The coil placement portion 12 of the vibrating 
membrane 26 as well as the coil groups are sandwiched 
from both the front and rear surface sides by pliable sup- 
porting members 10A and 10B made from a polyester 
non-woven fabric. Accordingly, the coil placement por- 

55 tion 12 and the coil groups are enveloped by the sup- 
porting members 1 0A and 1 0B so as to be housed within 
the housing space inside the case 30. The yoke 20 on 
which the permanent magnets are fixed is then used to 



19 



DCID: <EP 1194001A1J_> 



37 



EP 1 194 001 A1 



38 



close off the housing space from the peripheral wall 30C 
side of the case 30. By then inserting the bosses 30D 
into the small holes 20B of the yoke 20 and welding 
those portions of the bosses 30D protruding from the 
small holes 20B, the flat speaker shown in Fig. 20 is as- 
sembled. At this time, the terminal attachment portion 
1 4 of the vibrating membrane is sandwiched in a state 
of being press-adhered between the supporting mem- 
bers 10A and 10B when the case 30 and the yoke 20 
are assembled together and are left exposed from the 
case 30 so that they can be connected to a signal 
source. 

[0149] The result of this is that, as is shown in Fig. 20, 
the coil placement portion 1 2 of the vibrating membrane 
26 can vibrate together with the coil groups and, more- 
over, the coil placement portion 1 2 of the vibrating mem- 
brane 26 together with the coil groups are supported 
within the housing space inside the case without being 
in contact with the internal surface of the case. 
[0150] A cross-sectional view of the flat speaker unit 
assembled in the above way with the supporting mem- 
bers omitted is the same as that shown in Fig. 14. Ad- 
jacent permanent magnets m are positioned such that 
their side surfaces are in contact with the adjacent per- 
manent magnets with no gap between the magnets. 
Moreover, the upwards facing magnetic pole faces of 
adjacent magnets have alternating polarities facing the 
same direction. Therefore, the magnetic flux generated 
from each permanent magnet travels from the N polarity 
magnetic pole face to the S polarity magnetic pole face. 
The magnetic flux in the areas between adjacent per- 
manent magnets travels in a direction substantially par- 
allel to the surface of the vibrating membrane and is at 
the maximum in the areas between permanent mag- 
nets. 

[0151] Because coil pairs L formed from coils provid- 
ed on both the front and rear surfaces are disposed on 
the coil placement portion of the vibrating membrane, 
magnetic flux in a direction substantially parallel to the 
surface of the vibrating membrane interlinks in each coil. 
When current I is supplied to the coils in the direction 
shown in Fig. 13, then, as is shown in Fig. 14 as well, 
the current flows in the same direction in adjacent coil 
portions extending from inner peripheries to the outer 
peripheries of adjacent coils and all the coils are affected 
by a unidirectional force F acting in a direction perpen- 
dicular to the membrane surface of the vibrating mem- 
brane. As a result, the vibrating surface is displaced in 
a direction perpendicular to the membrane surface. 
[0152] Accordingly, when an electrical signal repre- 
senting the sound to be generated is supplied to a coil, 
the coil placement portion of the vibrating membrane vi- 
brates in accordance with this signal together with the 
coil enabling a sound signal to be generated. At this 
time, the peripheral edge of the coil placement portion 
of the vibrating membrane is acting as a free end, there- 
fore it is possible to vibrate the entire coil placement por- 
tion thus improving the vibration efficiency of the vibrat- 



ing membrane. 

[0153] Furthermore, at this time, as is shown in Fig. 
14, the magnetic flux at the magnetic pole faces on the 
bottom surface side of the permanent magnets exits 

s from the N poles, passes along a magnetic path inside 
the yoke 20, and enters into the S poles. Therefore, be- 
cause it is possible to generate magnetic flux of a higher 
density at the magnetic pole faces of the upper surface 
side, an electric signal of a small amplitude can be effi- 

10 ciently converted into a sound signal and leakages of 
magnet flux to the outside of the bottom surface side 
can be reduced. 

[0154] Moreover, because a plurality of holes 30A are 
punched in the bottom surface 30B of the case, the 
15 sound signals are output from the front surface of the 
flat speakers via these holes. 

(Fourth embodiment) 

20 [0155] The fourth embodiment of the p/resent inven- 
tion will now be described with reference made to Fig. 
21 . In this embodiment, a permanent magnet m group 
comprising a plurality of permanent magnets m, as in 
the third embodiment, is disposed on a fabric supporting 

25 member 40 made from a flexible material. The entire 
permanent magnet m group is then covered with a fixing 
cloth 42, and the permanent magnet m group is fixed to 
the top of the fabric supporting member 40 by sewing 
together the portions of the fabric supporting member 

30 40 and the fixing cloth 42 on both sides of the permanent 
magnet m group. 

[0156] A vibrating membrane 26, on which are placed 
coil groups the same as in the third embodiment, is dis- 
posed on top of the permanent magnet m group and en- 

35 veloped by the supporting members 10A and 10B. 
[0157] The vibrating membrane which is enveloped 
by the supporting members is covered with a fabric cov- 
er 44. The fabric cover 44 and the fabric supporting 
member 40 are sewn together and the coil placement 

^0 portion of the vibrating membrane and the coils are en- 
veloped and supported inside a fabric case in such a 
manner that the coil placement portion of the vibrating 
membrane and the coils are able to vibrate and without 
the coil placement portion of the vibrating membrane 

45 and the coils coming into contact with the inner surface 
of the case. 

[0158] In the present embodiment, a sound signal can 
be generated in the same way as in the third embodi- 
ment. However, because ail portions other than the vi- 

50 brating membrane, the coils, and the permanent mag- 
nets are made from fabric, the speaker has great plia- 
bility and can be housed inside clothing or inside shoul- 
der pads or the like. Further, the flat speaker or the flat 
speaker unit can be disposed in the pockets of clothes, 

55 at portions of clothes corresponding to bones such as a 
collarbone, at the front surfaces of clothes, or at the re- 
verse surfaces of clothes, so as to be wearable. Further, 
by making the flat speaker or the flat speaker unit wear- 
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able, blood circulation can be improved due to the action 
of the vibrations generated at the time the vibrating 
membrane is vibrated and due to the action of the mag- 
netism from the permanent magnets. 
[0159] In each of the above embodiments, examples 
were described of when coil pairs were placed on a vi- 
brating membrane, however, it is also possible to use 
coils provided on one surface only of the vibrating mem- 
brane. Moreover, in the above embodiments, examples 
were described of when helically shaped coils were 
fixed on the vibrating membrane, however, instead of 
the coils, it is also possible to use either one or a plurality 
of conducting wires fixed to those portions of the vibrat- 
ing membrane which correspond to areas between per- 
manent magnets. 

[0160] Note that, in each of the above embodiments, 
examples were described of when each of the perma- 
nent magnets was positioned in contact with other per- 
manent magnets, however, it is also possible to position 
each permanent magnet a slight distance from other 
permanent magnets. When flat, square magnets are 
used, it is preferable if the gap between magnets is not 
more than approximately one third of the permanent 
magnet width. It is also possible to use a combination 
of permanent magnets which are in contact with other 
magnets and permanent magnets which are a small dis- 
tance away from other magnets. 

[0161] Moreover, in each of the above embodiments, 
descriptions were given of speakers which output sound 
when current is fed to a coil, however, if induction current 
is supplied to a coil and a vibrating membrane is vibrated 
according to Fleming's right-hand law, the speakers can 
also be used as microphones. 

[0162] Nine flat, square permanent magnets of a size 
1 0mm high by 10mm wide by 3mm deep were actually 
placed in contact with each other in a matrix formation 
on a yoke, as shown in Fig. 22A, with no gaps between 
the permanent magnets. The magnetic flux density on 
the line 1 whose distance (Lg) from the magnetic pole 
face is 1.0 mm, as shown in Fig. 22B, was measured. 
Note that a magnetic shield member was placed above 
the magnetic pole face. The magnetic flux density in a 
direction parallel to the magnetic pole face (x direction) 
between the point A and the point B on the line 1 and 
the magnetic flux density in a direction perpendicular to 
the magnetic pole face (Z direction) are shown in Fig. 23. 
[01 63] The magnetic flux density in the x direction was 
zero at a position corresponding to the center of the 
magnetic pole face and the absolute value of the mag- 
netic flux density increased the further from this point. 
The absolute value of the magnetic flux density in the x 
direction was at the maximum (5000G) at the boundary 
of the permanent magnet with the adjacent permanent 
magnet. In particular, when the permanent magnets 
were placed in contact with each other, the increase in 
the magnetic flux density in the x direction at the bound- 
ary was remarkable in comparison with when the per- 
manent magnets were positioned with a slight gap be- 



40 

tween them, as described below. The magnetic flux den- 
sity in the z direction was at the maximum 4000G at a 
position facing the region around the center point of the 
magnetic pole face of the permanent magnet and was 
5 zero at the point A and at the boundary between contig- 
uous permanent magnets. 

[0164] It is possible to decide the coil placement po- 
sitions by considering magnetic flux distribution such as 
that described above. When a coil is positioned in the 

10 magnetic flux distribution shown in Fig. 23, it is possible 
to place the coils on the area of the slanting line at which 
a magnetic field of a predetermined magnetic flux den- 
sity or greater (e.g. 2000G) sufficient to drive the vibrat- 
ing diaphragm acts on the coils (e.g. in an area corre- 

15 sponding to the area from the outer periphery of the per- 
manent magnet extending 2 .5 mm towards the inner pe- 
riphery). Force in a vertical direction acts on the vibrating 
membrane in those areas where the magnetic flux den- 
sity is less than the predetermined magnetic flux density, 

20 however, when the weight of the coils is considered, this 
force cannot be considered sufficient to vibrate the vi- 
brating membrane holding the coils. Therefore, by plac- 
ing the coils in an area where the magnetic flux density 
is at a predetermined level or greater, the vibrating mem- 

25 brane can be efficiently vibrated. 

[0165] Note that the magnetic flux density in the z di- 
rection is not zero in the areas of the slanting line where 
the coil is placed, however, forces act in reverse direc- 
tions in symmetrical coil positions and the force in a di- 

30 rection parallel to the vibrating surface is cancelled out. 
Therefore, there is no twisting or the like of the coil. 
[0166] Next, nine permanent magnets of a size 
7.5mm high by 7.5mm wide by 3mm deep were placed 
on a yoke in a matrix formation with a 2.5mm gap be- 

35 tween each magnet, as shown in Fig. 24A. The magnet- 
ic flux density on the line 1 whose distance (Lg) from the 
magnetic pole face is 1 .0 mm, as shown in Fig. 24B, 
was measured. Note that a magnetic shield member 
was placed above the magnetic pole face. The magnetic 

40 flux density in a direction parallel to the magnetic pole 
face (x direction) between the point A and the point B 
on the line 1 and the magnetic flux density in a direction 
perpendicular to the magnetic pole face (Z direction) are 
shown in Fig. 25. 

45 [01 67] The magnetic flux density in the x direction and 
z direction was substantially the same as when the per- 
manent magnets of a size 1 0mm high by 10mm wide by 
3mm deep were placed in contact with each other in a 
matrix formation with no gaps between the permanent 

so magnets. However, in the area between a position 
8.75mm distant from the A point and a position 1 1 .25mm 
distant from the A point, namely, in the area above a gap 
where no permanent magnets were positioned, it was 
possible to maintain the magnetic flux density in the x 

55 direction at a maximum value of approximately 4000G. 
[01 68] In the same way as when the permanent mag- 
nets were positioned with no gaps between each per- 
manent magnet, it is possible to efficiently vibrate the 
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vibrating membrane by placing the coils on the area of 
the slanting line at which a magnetic field of a predeter- 
mined magnetic flux density or greater sufficient to drive 
the vibrating diaphragm acts on the coils (e.g. in an area 
corresponding to the area from a position a predeter- 
mined distance inwards from the outer periphery of the 
magnetic pole face extending to a position midway be- 
tween magnets). 

(Fifth embodiment) 

[0169] The fifth embodiment of the present invention 
will now be described. As is shown in Fig. 26, in the flat 
speaker unit of the fifth embodiment, a sheet member 
22A made from a non-magnetic material is adhered to 
the entire surface of a magnetic pole face of the plurality 
of permanent magnets of the speaker unit of the first 
embodiment shown in Fig. 9, thus covering the entire 
surface of the magnetic pole face with the sheet member 
22 A. The sheet member 22 A may be made from a ma- 
terial having pliability and a degree of porousness such 
as rock wool, glass wool, non-woven fabric, Japanese 
paper, or the like. Because the remaining parts are the 
same as those of the first embodiment, identical parts 
are given the same descriptive symbols and a descrip- 
tion thereof is omitted. 

[01 70] A frame-shaped spacer 1 6 whose thickness is 
thicker than that of the permanent magnets is disposed 
on the top surface of the yoke 20 such that all of the 
permanent magnets are positioned inside the frame 
opening. This spacer can be made from a magnetic ma- 
terial or a non-magnetic material, however, making the 
spacer from a magnetic material enables magnetic flux 
leaks in a transverse direction to be prevented. 
[0171] The peripheral portions of the membrane sur- 
face of the vibrating membrane 26 are fixed to the top 
surface of the spacer 16 such that the membrane sur- 
face is parallel to a magnetic pole face of the permanent 
magnet and, accordingly, to the top surface of the yoke. 
A predetermined tensional force is also applied to the 
membrane surface and the membrane surface is dis- 
posed facing and adjacent to the sheet member 22A. 
[0172] As a result of this, an air layer of a predeter- 
mined thickness is formed between the sheet member 
22A and the vibrating membrane 26 due to the spacer 
16 being interposed between the sheet member 22A 
and the vibrating membrane 26. It is preferable that the 
thickness of this air layer is such that the vibrating mem- 
brane 26 makes slight contact with the sheet member 
22A when the vibrating membrane 26 is vibrating at the 
maximum amplitude. 

[0173] Because coils are placed in the above manner 
on the vibrating membrane positioned parallel and ad- 
jacent to the sheet member in this way, while magnetic 
flux traveling in a direction along the surface of the vi- 
brating membrane interlinks in the adjacent portions of 
each coil, magnetic flux also interlinks in a direction per- 
pendicular to the surface of the vibrating membrane. 



However, the force of the latter magnetic flux is small 
and is cancelled out because it acts in reverse directions 
in symmetrical coil positions. Accordingly, when current 
is supplied from one end of a coil group connected in 
5 series in a flat speaker unit flowing towards the other 
end, the current flows in the same direction in adjacent 
coil portions of adjacent coils and the current flowing in 
adjacent coil portions of adjacent coils is affected by uni- 
directional force from the magnetic field in the direction 

10 perpendicular to the surface of the vibrating membrane. 
As a result, because the vibrating membrane receives 
almost no force in a direction along the surface of the 
vibrating membrane and vibrates in a direction perpen- 
dicular to the membrane surface, noise components are 

is greatly reduced and the sound quality can be improved. 
Moreover, in the above embodiment, because the coil 
placement portion of the vibrating membrane is coated 
with a ceramic coating, the ceramic coated portion vi- 
brates as an integral whole allowing a high volume to 

20 be output without any sound distortion. 

[0174] Further, in the present embodiment, because 
a plurality of permanent magnets are disposed in the 
longitudinal direction of conventional bar magnets, 
namely, in the row direction of the present embodiment, 

25 and a plurality of coils are disposed on the vibrating 
membrane at positions corresponding to the permanent 
magnets, the combined length of the outer edge por- 
tions of the plurality of permanent magnets is longer 
than the length of the outer edges of the bar magnets 

30 so that the overall length of the coil portions interlinking 
with the magnetic flux is longer than when bar magnets 
are used. The result of this is that, compared with when 
a plurality of rows of bar magnets are provided, it is pos- 
sible to improve the proportion of the surface area of the 

35 vibrating membrane occupied by the coils surrounding 
each magnet. It is also possible to increase the effective 
magnetic flux compared to the prior art. As a result, it is 
possible to improve the efficiency of converting an elec- 
trical signal to a sound signal and the sound quality im- 

40 proved. 

[0175] Furthermore, because a combination of differ- 
ent triangular and quadrangular shaped permanent 
magnets and coils are used for the permanent magnets 
and coils, the speaker can be formed in shapes different 

*5 from those of conventional speakers. 

[0176] Moreover, because the magnetic pole face 
which has a high degree of hardness is covered with a 
pliable sheet material, reflected sound from the sheet 
material is reduced and reflected sound can be prevent- 

50 ed from becoming noise. In addition, because an air lay- 
er of a predetermined thickness is interposed between 
the vibrating membrane and the sheet member, twisting 
of the vibrating membrane is prevented by making the 
phases of the reflected sounds from the sheet material 

55 identical. 
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(Sixth embodiment) 

[0177] The sixth embodiment of the present invention 
will now be described with reference made to Figs. 27 
and 28. The sixth embodiment uses the sheet material 
22A instead of the pliable material 22 of the second em- 
bodiment. Because the remaining parts are the same 
as in the second embodiment, identical parts are given 
the same descriptive symbols and a description thereof 
is omitted. 

[0178] Namely, as was described in the fifth embodi- 
ment, in the sixth embodiment as well, magnetic pole 
faces of a plurality of permanent magnets are covered 
with a sheet member 22A, which is adhered thereto, in 
order to form an air layer of a predetermined thickness 
between the vibrating membrane 26 and the sheet 
member 22A. 

[0179] A yoke 20 to which are fixed a plurality of per- 
manent magnets whose magnetic pole faces are cov- 
ered by the above sheet member 22A, a frame 24 to 
which is fixed a vibrating membrane 26 on which are 
placed a plurality of coils, and a magnetic shield member 
28 are assembled as a flat speaker unit. The frame 24, 
to which is fixed the vibrating membrane 26 on which 
are placed the plurality of coils, is sandwiched between 
the yoke 20 and the magnetic shield member 28, and a 
spacer is interposed between the vibrating membrane 
and the sheet member such that an air layer of a prede- 
termined thickness is formed. 

[01 80] I n the present embodiment, because the mag- 
netic pole face which has a high degree of hardness is 
covered with a pliable sheet material, reflected sound 
from the sheet material is reduced and reflected sound 
can be prevented from becoming noise. In addition, be- 
cause an air layer of a predetermined thickness is inter- 
posed between the vibrating membrane and the sheet 
member, twisting of the vibrating membrane is prevent- 
ed by making the phase of the reflected sound from the 
sheet material identical. 

[0181] Note that, in the above fifth and sixth embodi- 
ments, examples were described of when each perma- 
nent magnet was placed in contact with other perma- 
nent magnets, however, it is also possible to place the 
permanent magnets with a slight gap between each per- 
manent magnet, and, as shown in the embodiments de- 
scribed below, it is also possible to place the magnets 
a predetermined distance apart from each other. When 
flat, square magnets are used, it is preferable if the dis- 
tance between magnets is less than approximately one 
third the width of the permanent magnets. It is also pos- 
sible to use a combination of permanent magnets 
placed in contact with each other with permanent mag- 
nets having a slight gap between magnets or permanent 
magnets placed a predetermined distanced apart from 
each other. 



(Seventh embodiment) 

[01 82] The seventh embodiment of the present inven- 
tion will now be described with reference made to Figs 

5 29 to 31 . In the seventh embodiment, the magnets of 
the sixth embodiment are placed a predetermined dis- 
tance apart, as is also shown in Fig. 30. Perpendicular 
portions 20C are formed by bending the peripheral edg- 
es of the yoke 20 substantially perpendicular relative to 

10 the magnet placement surface 20B. The peripheral edg- 
es of the yoke are then bent again parallel to the magnet 
placement surface thus forming vibrating membrane 
mounting portions 20D. Note that, in Fig. 30, the vibrat- 
ing membrane mounting portions 20D are bent inwards, 

75 however, as shown in Fig. 31 , the vibrating membrane 
mounting portions 20D may also be bent outwards. By 
bending the vibrating membrane mounting portions out- 
wards like this, the vibrating membrane mounting por- 
tions can also be used as mounting portions for the flat 

20 speaker unit. 

[0183] The outer peripheral edge of a rectangular 
frame-shaped frame 24 is fixed to the vibrating mem- 
brane mounting portion 20D with spacers 21 made from 
paper or the like interposed between the two. The frame 

25 member 24 is an edge formed from an elastic protruding 
portion 25 having a semicircular cross-section running 
unbroken around the outer peripheral edge. The outer 
peripheral edge of a vibrating membrane on whose cen- 
tral portion the coils are placed is welded to the inner 

30 peripheral edge of the frame 24. As a result, the entire 
periphery of the coil placement portion of the vibrating 
membrane is surrounded by an elastic portion 25 whose 
hardness is less than the hardness of the coil placement 
portion. As is explained below, it is preferable if the mod- 

35 ulus of elasticity of a portion of the elastic portion 25 
along the longitudinal side of the frame 24 is higher than 
the modulus of elasticity of surrounding portions. 
[0184] A sheet member 22A described above, which 
is formed from a non-magnetic material, is adhered to 

40 the entire surface of the magnetic pole faces of a plural- 
ity of permanent magnets, thus covering the entire sur- 
face of the magnetic pole face with the sheet member 
22A. As a result, the spaces between magnets is cov- 
ered by the sheet member 22A and an air layer of a pre- 

45 determined thickness is formed between the vibrating 
membrane and the sheet member. 
[0185] According to the present embodiment, the ef- 
fects are achieved that the formation of the perpendic- 
ular portions 20C enables leakages of magnetic flux 

50 from the sides to the outside to be prevented. Moreover, 
the provision of the sheet member 22A enables the 
phase of reflected sound from the sheet member to be 
made uniform, thus preventing the vibrating membrane 
from twisting. In addition, because the vibrating mem- 

55 brane is surrounded by an elastic portion having a de- 
gree of elasticity, the vibrating membrane can be vibrat- 
ed parallel to a direction perpendicular to the surface of 
the vibrating membrane. 
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[0186] As described above, according to the present 
embodiment the effects are achieved that, because pli- 
able air layer forming members are placed on the first 
and second magnetic pole face sides of the vibrating 
membrane so as to form, together with the vibrating 
membrane, air layers of a predetermined thickness, air 
layers of a predetermined thickness are formed be- 
tween the vibrating membrane and the air layer forming 
members and no phase difference is generated in the 
reflected sound. Therefore, there is no twisting in the 
vibrating membrane and the sound quality can be im- 
proved. 

(Eighth embodiment) 

[0187] The eighth embodiment of the present inven- 
tion will now be described. As is shown in Fig. 32, the 
flat sp aker unit of the eighth embodiment is construct- 
ed by sandwiching a permanent magnet group 114, 
comprising flat permanent magnets M11 to M34 placed 
so that their side faces are in contact with each other, 
between a pair of vibrating bodies 120. Sheet members 
112, made from non-magnetic material, are also inter- 
posed between the permanent magnet group 114 and 
each of the pair of vibrating bodies 120. This structure 
is then closely adhered together so as to form a flat (e. 
g. having a thickness of approximately 1mm) overall 
structure, as is shown in Fig. 33. 

[0188] As is shown in Fig. 32, in the same way as 
shown in Fig. 9, a flat, triangular permanent magnet M1 1 
is mounted, so as to be movable with respect to a sheet 
1 1 2, at a position corresponding to one of the corner por- 
tions of the lower vibrating body 120 to the sheet 112 
interposed therebetween such that the S plurality mag- 
netic pole face thereof faces upwards and such that the 
oblique side of the triangle faces the corner portion. A 
ferrite based magnet or an NdFeB based magnet can 
be used as the permanent magnet. 
[0189] A flat, quadrangular permanent magnet M12 is 
mounted, so as to be movable with respect to the sheet 
112, at a position adjacent to the permanent magnet 
M11 in the longitudinal direction of the vibrating body 
1 20 to the sheet 112 interposed therebetween such that 
the N polarity magnetic pole thereof faces upwards and 
such that one side face of the permanent magnet M12 
is contact with a side face of the permanent magnet 
M11. 

[0190] Aflat, quadrangular permanent magnet M13 is 
mounted at a position adjacent to the permanent mag- 
net M12 in the longitudinal direction of the vibrating 
body 1 20 with the S polarity magnetic pole thereof facing 
upwards and a flat, triangular permanent magnet M14 
is mounted at a position adjacent to the permanent mag- 
net M1 3 in the longitudinal direction of the vibrating body 
120 with the N polarity magnetic pole thereof facing up- 
wards such that one side face of each of these magnets 
is in contact with side faces of adjacent magnets. 
[0191] Three permanent magnets are positioned with 



magnetic pole faces of different polarities positioned al- 
ternately at adjacent positions in the direction of the 
short sides of the sheet members of each of the perma- 
nent magnets M 11 , M12, M13, andM14, andaremount- 

5 ed with the side surfaces thereof in contact with the ad- 
jacent permanent magnet. Because the permanent 
magnets M11 to M34 are flat with parallel front and rear 
surfaces, each magnetic pole face is parallel with the 
top surface of the vibrating body and faces in the same 

io direction. 

[0192] The result of positioning the magnets in this 
way is that, in the same way as in the first embodiment, 
the permanent magnets Mij are positioned as follows. 
Namely, a magnet row comprising a plurality of magnets 

15 is arranged such that magnetic pole faces of alternating 
polarities face upwards going along one of the longitu- 
dinal or transverse sides of the vibrating body and a plu- 
rality of these magnet rows are arranged in parallel such 
that magnetic pole faces of alternating polarities face 

20 upwards going along the other of the longitudinal or 
transverse sides of the vibrating body. 
[01 93] Both of the vibrating bodies 1 20 have the same 
structure. Namely, coils C11 to C34 wound in a helical 
shape are positioned in the central portion of a vibrating 

25 membrane 26 made from a high polymer film or the like 
such as polyimide, polyethylene terephthalate, or the 
like so as to correspond to each of the permanent mag- 
nets M11 to M34. Coils C11 to C34 are formed in sub- 
stantially the same shape as the outer edges of the mag- 

30 netic pole faces of the permanent magnets M11 to M34. 
Each coil that corresponds to a magnetic pole face of 
the same polarity is wound in the same winding direction 
from the outer periphery of the coil to the inner periphery 
thereof. 

35 [0194] Namely, the coils C11 , C14, C31 , and C34 that 
correspond to triangular permanent magnets are wound 
into triangular shapes, while the coils C12, C13, C21 to 
C24, C32, and C33 that correspond to quadrangular 
permanent magnets are wound into quadrangular 

to shapes. 

[0195] As described above, this type of coil can be 
formed as a voice coil by press adhering or bonding a 
thin copper film on the vibrating membrane 26 and by 
etching the thin copper film so that the planar surface 

45 thereof is formed in a coil shape. Instead of press ad- 
hering or bonding a thin copper film, it is also possible 
to form a coil by press adhering or bonding copper foil 
or by laminating copper plating. Each coil is then cov- 
ered with an insulating material. 

50 [0196] The sheet member 1 1 2 may be made from a 
material having pliability and a degree of porousness 
such as rock wool, glass wool, non-woven fabric, Japa- 
nese paper, or the like. Note that it is also possible to 
mount the permanent magnets directly to the vibrating 

55 body without providing a sheet member. 

[0197] The placement and connections of the coils 
are the same as in the first embodiment and therefore 
a description thereof is omitted here. 
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[0198] As is shown in Fig. 33, the permanent magnet 
group 114 comprising a plurality of permanent magnets 
placed in contact with each other, the pair of sheet mem- 
bers 112, and the pair of vibrating bodies 120 formed 
from the coils and the vibrating membranes form a flat 
speaker unit by the peripheral edges of the sheet mem- 
bers and the vibrating members being bonded together 
such that the permanent magnet group is placed in the 
center. In addition, the coils of the upper vibrating body 
and the coils of the lower vibrating body are connected 
together such that the directions of the currents flowing 
through the coils corresponding to each magnet are re- 
versed in each vibrating body. 

[0199] Because the coils have been disposed in the 
above described way on the vibrating membrane, the 
magnetic flux interlinks in a direction along the suriace 
of the vibrating membrane in adjacent portions of each 
coil. Magnetic flux also interlinks in a direction perpen- 
dicular to the surface of the vibrating membrane. How- 
ever, the force from that magnetic flux is small and is 
cancelled out because it acts in opposite directions in 
symmetrical coil positions. Accordingly, when current is 
supplied from one end of a coil group connected in se- 
ries in a flat speaker unit to the other end, the current 
flows in the same direction in adjacent coil portions of 
adjacent coils on the vibrating body, as is shown in Fig. 
34. Moreover, the current flowing in the adjacent por- 
tions of adjacent coils is affected by unidirectional force 
F from the magnetic field H in the direction perpendicular 
to the surface of the vibrating membrane. The result of 
this is that the vibrating membrane is hardly affected at 
all by force in a direction along the surface of the vibrat- 
ing membrane and the pair of vibrating bodies, the pair 
of sheet members, and the permanent magnet group 
vibrate as an integral structure in a direction orthogonal 
to the surface membrane. Therefore, noise components 
can be greatly reduced and the sound quality improved. 
[0200] Moreover, in the present embodiment, be- 
cause a plurality of permanent magnets are disposed in 
the longitudinal direction of conventional bar magnets, 
namely, in the row direction of the present embodiment, 
and a plurality of coils are disposed on the vibrating 
membrane at positions corresponding to the permanent 
magnets, the combined length of the outer edge por- 
tions of the plurality of permanent magnets is longer 
than the length of the outer edges of the bar magnets 
so that the overall length of the coil portions interlinking 
with the magnetic flux is longer than when bar magnets 
are used. The result of this is that, compared with when 
a plurality of rows of bar magnets are provided, it is pos- 
sible to improve the proportion of the surface area of the 
vibrating membrane occupied by the coils surrounding 
each magnet. It is also possible to increase the effective 
magnetic flux compared to the prior art. As a result, it is 
possible to improve the efficiency of converting an elec- 
trical signal to a sound signal and the sound quality can 
be improved. 

[0201] Furthermore, because a combination of differ- 



ent triangular and quadrangular shaped permanent 
magnets and coils are used for the permanent magnets 
and coils, the speaker can be f ormed in shapes different 
from those of conventional speakers. 

5 

(Ninth embodiment) 

[0202] The ninth embodiment of the present invention 
will now be described with reference made to Fig. 35. In 

10 the ninth embodiment, flat, quadrangular permanent 
magnets m11 to m38 are fixed using an adhesive with 
sheet members 112 interposed between the magnets 
and the vibrating body. In addition, the magnet side sur- 
faces are placed in contact with adjacent permanent 

15 magnets with no gaps between each magnet such that 
the upward facing magnetic pole faces of adjacent per- 
manent magnets have different polarities. Namely, per- 
manent magnets mij (wherein when i = 1 or 3, then j = 
1 , 3, 5, or 7 and when i = 2, then j = 2, 4, 6, or 8) are 

20 disposed on a vibrating body 120 with a sheet member 
112 interposed therebetween at positions correspond- 
ing to each coil of the vibrating body 120 such that an N 
polarity magnetic pole face faces upwards, and perma- 
nent magnets mij (wherein when i - 1 or 3, then j = 2, 4, 

25 6, or 8 and when i = 2, then j = 1 , 3, 5, or 7) are disposed 
on a vibrating body 1 20 with a sheet member 112 inter- 
posed therebetween at positions corresponding to each 
coil of the vibrating body 120 such that an S polarity 
magnetic pole face faces upwards. Note that the per- 

30 manent magnets may also be disposed with these S and 
N polarities thereof reversed. 

[0203] The vibrating membrane 26 forming the vibrat- 
ing body 120 is formed from a high polymer film or the 
like such as polyimide, polyethylene terephthalate, or 
35 the like, in the same way as in the eighth embodiment. 
A coil placement portion on which coils are positioned 
is formed in the central portion of the vibrating mem- 
brane 26. 

[0204] Coil pairs L11 to L38, each comprising a pair 

40 of helically shaped coils positioned on both front and 
rear surfaces of the coil placement portion, are disposed 
on the coil placement portion of the vibrating membrane 
26 at positions corresponding to each of the permanent 
magnets m11 to m38. Each coil pair L11 to L38 is heli- 

45 cally wound in approximately the same shape as the 
outer edges of each of the permanent magnets m11 to 
m38. Moreover, each coil is positioned at an area on the 
vibrating membrane such that the outer periphery of the 
coils (namely, the outer periphery of the spirals) sub- 

50 stantially matches a position corresponding to the outer 
edge of the magnetic pole face. Moreover, the coils are 
positioned such that the outer peripheral portions of 
each coil (namely, the outer peripheral portions of the 
spirals) do not overlap. Note that because the size of 

55 the magnetic flux in predetermined areas of the vibrating 
body that include those portions corresponding to the 
centers of each magnetic pole face is small, the weight 
of the vibrating body can be lightened by not placing 
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coils in those areas. 

[0205] The connections of the coil pairs L11 to L38 
and the coil groups G1 to G6 are the same as is de- 
scribed in Figs. 12 and 13. 

[0206] The plurality of permanent magnets are dis- 
posed at the lower vibrating body 120 with the lower 
sheet member interposed in between, and the upper vi- 
brating body 120 is mounted to the plurality of perma- 
nent magnets with the upper sheet member 112 inter- 
posed in between. At this time, as is shown in Fig. 36, 
the coil groups of the upper vibrating body are mounted 
so as to correspond to each of the permanent magnets, 
as are the coil groups of the lower vibrating body. The 
peripheral edges of the sheet members and the vibrat- 
ing membranes are then bonded together with the plu- 
rality of permanent magnets sandwiched between the 
vibrating bodies. In this way, a flat speaker unit is as- 
sembled. 

[0207] Note thai, in the above description, an example 
was described of when the permanent magnets were 
mounted to a vibrating body with a sheet member inter- 
posed between each. However, it is also possible to 
sandwich the plurality of permanent magnets between 
vibrating bodies by mounting the peripheral edges of the 
sheet members and vibrating membranes together with- 
out mounting the permanent magnets to the vibrating 
body. 

[0208] Fig. 36 is a schematic cross-sectional view 
showing an enlargement of the coil diameters of the flat 
speaker unit assembled in the above manner. Adjacent 
permanent magnets m18 and m28 : and adjacent per- 
manent magnets m28 and m38 are placed so that side 
faces of adjacent permanent magnets are in contact 
with each other with no gaps in between. The polarity of 
upper magnetic pole faces of adjacent magnets alter- 
nates for each of the adjacent magnets in the upwards 
direction as does the polarity of lower magnetic pole fac- 
es in the downwards direction. Therefore, the magnetic 
flux generated from each permanent magnet travels 
from the N polarity magnetic pole face to the S polarity 
magnetic pole face. Moreover, the magnetic flux in the 
area between adjacent permanent magnets travels in a 
direction substantially parallel to the surface of the vi- 
brating membrane and is at the maximum, in particular, 
above and below those portions where the permanent 
magnets are in contact with each other. 
[0209] Because coil pairs L18, L28, and L38 are 
placed on the front and rear surfaces of the upper and 
lower vibrating membranes 26, magnetic flux traveling 
in a direction substantially parallel to the surface of the 
vibrating membrane interlinks in each coil. When current 
I is supplied to the coils in the direction shown in Fig. 
13, then, as is shown in Fig. 36, the current flows in the 
same direction in adjacent coil portions extending from 
the inner peripheries to the outer peripheries of adjacent 
coils. Moreover, all of the coils are affected by a unidi- 
rectional force F acting in a direction perpendicular to 
the surface of the vibrating membranes so that the upper 
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and lower vibrating membranes together with the sheet 
members and permanent magnets are displaced simul- 
taneously in a direction perpendicular to the membrane 
^ surface. Consequently, by feeding an electrical signal 
5 representing the sound to be generated to a coil, the 
vibrating membranes, the sheet members, and the plu- 
rality of permanent magnets vibrate as an integrated 
whole in accordance with this electrical signal and a 
sound signal is able to be generated. 

w [0210] The flat speaker unit of the above eighth and 
ninth embodiments can output an even louder sound if 
it is adhered to a member capable of vibrating formed 
by a non-magnetic body such as a box housing, a board, 
or the like. The member capable of vibrating formed by 

15 a non-magnetic body such as a box housing, board, or 
the like can be formed from wood, corrugated fiber- 
board, polystyrene foam, plastic, glass, aluminum, ply- 
wood, honeycomb board, FRP, and the like. Further, be- 
cause coils are provided on both surfaces of the perma- 

20 nent magnets, sound can be output from both surfaces 
of the flat speaker unit. It is preferable that the member 
that is capable of vibrating is larger than the flat speaker 
unit in order to increase the resonance effect. 
[0211] In the above eighth and ninth embodiments, 

25 examples were described in which a plurality of perma- 
nent magnets were sandwiched between vibrating bod- 
ies. However, one vibrating body or one vibrating body 
and one sheet member may be omitted. Alternatively, 
instead of the vibrating body and sheet member, a sand- 

30 wiching member such as an iron plate or the like may 
be used. Moreover, in the examples described above, 
the pair of vibrating bodies were vibrated in the same 
direction, but it is also possible to reverse the direction 
of the flow of the current from that described above in 

35 one vibrating body so that the pair of vibrating bodies 
vibrate in opposite directions to each other. 
[0212] In the coils of the above eighth and ninth em- 
bodiments, the impedance of the speaker can be set to 
a predetermined value by connecting coils to each other 

40 in series or in parallel or by connecting coils to each oth- 
er in a combination of serial and parallel connections. 
By connecting the coils freely in this way, it is possible 
to group voice coils together and vibrate each group as 
an integrated whole. 

45 [0213] Note that, in the above eighth and ninth em- 
bodiments, examples were described of when each of 
the permanent magnets was positioned in contact with 
other permanent magnets, however, it is also possible 
to position each permanent magnet adjacent to (i.e. a 

50 slight distance from) other permanent magnets, or, as 
is shown in Fig. 37, to position each permanent magnet 
a predetermined distance apart from other permanent 
magnets. When flat, square magnets are used, it is pref- 
erable if the gap between magnets is not more than ap- 

55 proximately one third of the permanent magnet width. It 
is also possible to use a combination of permanent mag- 
nets which are in contact with other magnets and per- 
manent magnets which are a slight distance away from 
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other magnets or permanent magnets which are a pre- 
determined distance away from other magnets. 
[0214] Moreover in each of the above eighth and 
ninth embodiments, descriptions were given of speak- 
ers which output sound when current is fed to a coil, 
however, if induction current is supplied to a coil and a 
vibrating membrane is vibrated according to Fleming's 
right-hand law. the speakers can also be used as micro- 
phones. 

[021 5] Further, in the example described above, a plu- 
rality of permanent magnets were each independently 
positioned, however, as is shown in Fig. 38, it is also 
possible to knead a magnetic powder 130 into a plastic 
or rubber to form a plate-shaped member 132. A plural- 
ity of permanent magnets placed in contact with each 
other, adjacent to each other, or a predetermined dis- 
tance apart from each other are then formed by local 
polarization by magnetizing the magnetic powder of pre- 
determined areas of the plale-shaped member 132 in 
alternating S and N polarities. It is also possible to per- 
form local polarization on a plate-shaped member made 
from a magnetic material such as iron or the like so as 
to form a base in which the S and N polarities are ar- 
ranged in a matrix pattern. In cases such as these, pro- 
duction is simplified because there is no need to position 
each of the plurality of permanent magnets independ- 
ently. 

[0216] As was described above, according to the 
present embodiment, because a first magnet and sec- 
ond magnet are mounted to a vibrating body or a first 
magnet and second magnet are sandwiched between a 
pair of vibrating bodies, the affect is achieved that the 
thickness of the flat acoustic conversion device itself can 
be made still thinner. 

[0217] Moreover, because magnetic flux travels in a 
direction substantially parallel to the vibrating mem- 
brane surface and the magnetic flux traveling in a direc- 
tion substantially parallel to the vibrating membrane sur- 
face interlinks in the first coil and second coil, when cur- 
rent is supplied to the first and second coil, the direction 
of the force which the current receives from the magnet- 
ic field is substantially perpendicular to the surface of 
the vibrating membrane. Force in a direction along the 
surface of the vibrating membrane is extremely small so 
that the effect is obtained that noise components can be 
reduced and the sound quality can be improved. 
[0218] Moreover, if a plurality of first magnets and a 
plurality of second magnets are positioned in a matrix 
pattern either a predetermined distance apart from each 
other or in contact with each other, more magnets can 
be provided than when bar magnets are arranged in par- 
allel and the number of coils can also be made to match 
the number of magnets or can be made a multiple of the 
number of magnets. Therefore, the effect is obtained 
that the total length of that portion of the coils which in- 
terlinks with the magnetic flux can be lengthened and 
the proportion of the surface of the vibrating membrane 
occupied by the coils can be increased, thus improving 



the sound conversion efficiency and further improving 
the sound quality. 

(Tenth embodiment) 

5 

[021 9] The tenth embodiment of the present invention 
will now be described. As is shown in Fig. 39, in this 
embodiment there is provided a frame 210 formed in a 
box shape, a vibrating membrane 230 for generating ex- 
10 ternal sound through vibration, and an edge 240 by 
which the vibrating membrane is mounted on the frame 
210. 

[0220] As is shown in Fig. 40, the frame 210 is pro- 
vided with a concave portion 211 on which are placed a 

15 plurality of permanent magnets 220, a mounting face 
21 2 which is parallel with the bottom surface of the con- 
cave portion 211 and is provided so as to close off the 
open end of the concave portion 211 from the open end 
of the concave portion 211, and an upright wall 213 pro- 

20 vided at the outer edge of the mounting face 212 ex- 
tending in a vertical direction from that surface. 
[0221] The concave portion 211 comprises a base 
214 which is the bottom surface of the concave portion 
211 and on which are placed permanent magnets 220, 

25 and a peripheral wall 215 surrounding the base 214. 
[0222] A plurality of permanent magnets 220 formed 
in a substantially rectangular parallelepiped shape are 
arranged in a matrix pattern a predetermined distance 
apart from each other on the base 214. Specifically, as 

30 was described in the first to ninth embodiments, each 
permanent magnet 220 is positioned on the base 214 
such that the polarity facing the vibrating membrane of 
a permanent magnet 220 is different from the polarity 
facing the vibrating membrane of permanent magnets 

35 220 adjacent to that magnet. 

[0223] The magnetic flux exiting from the N pole of the 
permanent magnets 220 in the vicinity of the peripheral 
wall 215 passes through the peripheral wall 21 5 to reach 
the S pole. Because the peripheral wall 215 enclosing 

*o the permanent magnets 220 is provided in this manner, 
there is no leakage of magnetic flux to the outside and 
the magnetic flux can also be made to interlink at the 
helical coils 231 at the ends of the vibrating membrane 
231 . Note that NdFeB based magnets and neodymium 

45 based magnets are used for the permanent magnets 
220. 

[0224] A single sheet of a sheet member 21 6 formed 
from a non-magnetic material is adhered to the surface 
of the permanent magnets 220 facing the vibrating 

so membrane 230. Accordingly, the base 214 is covered 
by the sheet member 21 6 with the permanent magnets 
220 sandwiched between the two. The sheet member 
216 may be made from a material having pliability and 
a degree of porousness such as rock wool, glass wool, 

55 non-woven fabric, Japanese, paper, or the like. An air 
layer of a predetermined thickness is thus formed be- 
tween the sheet member 216 and the vibrating mem- 
brane 230. The thickness of the air layer is preferably 
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such that the vibrating membrane 230 comes into slight 
contact with the sheet member 216 when the vibrating 
membrane 230 is vibrating at maximum amplitude. 
[0225] A plurality of helical coils 231 each wound in a 
helical shape are disposed on one surface of the vibrat- 
ing membrane 230. When the vibrating membrane 230 
is mounted on the frame 21 0, the center of each helical 
coil 231 is positioned substantially above the central ax- 
is of one of each of the permanent magnets 220. More- 
over, each helical coil 231 is positioned so as not to over- 
lap with adjacent helical coils 231 . 
[0226] The helical coils 231 are wound in a shape sub- 
stantially the same as the outer edge of the surface of 
the permanent magnet 220 which it faces. Namely, the 
helical coils 231 are wound in a substantially square 
shape corresponding to the rectangular parallelepiped 
shape of the magnetic pole faces of the permanent mag- 
nets 220. Each helical coil 231 facing a permanent mag- 
net 220 of the same polarity is wound in the same wind- 
ing direction. When the polarity of the permanent mag- 
net 220 is different, the winding direction of the helical 
coil 231 is also different. For example, when the helical 
coil 231 is positioned above a permanent magnet 220 
whose N polarity faces upwards, the coil is wound in a 
right-hand direction from the outer periphery towards 
the inner periphery thereof. If the helical coil 231 is po- 
sitioned above a permanent magnet 220 whose S po- 
larity faces upwards, the coil is wound in a left-hand di- 
rection from the outer periphery towards the inner pe- 
riphery thereof. 

[0227] As a result, when current is supplied to each 
helical coil 231, as is shown in Fig. 40, the direction of 
the current in outer peripheral portions of adjacent coils 
is the same. Moreover, adjacent outer peripheral por- 
tions of the helical coils 231 pass through the center of 
the large magnetic flux described above. Therefore, by 
connecting the helical coils 231 in series or in parallel, 
or in a combination of serial and parallel connections, 
the direct current resistance value can be set to a pre- 
determined value. 

[0228] This type of helical coil 231 can be formed by 
depositing a thin copper film on the vibrating membrane 
230 and etching the thin copper film so that it forms a 
coil shape. Instead of depositing a thin copper film, a 
copper film may be press adhered or bonded. Instead 
of etching a conductive copper film, copper plating may 
be laminated in a coil shape. Each helical coil 231 is 
then covered with an insulating material. 
[0229] Note that the vibrating membrane 230 is 
formed from a high polymer film or the like such as poly- 
imide, polyethylene terephthalate, or the like. The por- 
tion of the vibrating membrane 230 where the helical 
coils 231 are placed is given increased hardness 
through a coating of ceramic or resist (e.g., epoxy 
based). 

[0230] As is shown In Fig. 39, the edges 240 are 
formed in a frame shape. Specifically, the internal pe- 
ripheral portion 241 of the edge 240 is the same shape 
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as the outer edge of the vibrating membrane 230 and is 
formed slightly smaller than the outer periphery of the 
vibrating membrane 230. The outer peripheral portion 
242 of the edge 240 is larger than the outer edge of the 

5 top end of the concave portion 21 1 , but smaller than the 
outer edge of the mounting face 21 2. As is shown in Fig. 
40, a curved portion 243 is formed between the inner 
peripheral portion 241 and the outer peripheral portion 
242. The curved portion 243 is formed from urethane 

10 foam, synthetic rubber, or the like and is curved so as 
to have a semicircular, arc-shaped cross section curving 
upwards in a vertical direction from the surface of the 
vibrating membrane 230. Note that, in this example, the 
curved portion 243 is formed in a substantially semicir- 

15 cular, arc shape, but may also be formed in a peak 
shape, as a continuous series of peak shapes, or in 
some other shape. 

[0231] The inner peripheral portion 241 of the edge 
240 is fixed to the outer edge portion of the top surface 

20 of the vibrating membrane 230. The outer peripheral 
portion 242 of the edge 240 is fixed to the periphery of 
the top end of the concave portion 21 1 by being fixed 
from the top face of the mounting face 212 with a spacer 
244 sandwiched in between. At this time, the vibrating 

25 membrane 230 is fixed to the edge 240 while a prede- 
termined tension is applied to the vibrating membrane 
230. 

[0232] The curved portion 243 of the edge 240 is pro- 
vided with a hardened portion 245 extending across a 

30 predetermined area of the longitudinal sides so that 
there is no sagging of the curved portion 243 due to the 
load of the vibrating membrane 243. The hardened por- 
tion 245 has a higher modulus of elasticity than the other 
portions of the curved portion 243. Accordingly, the 

35 amount of deformation of the hardened portion 245 due 
to external forces is less than that of other portions. 
[0233] When the edge 240 is made from urethane 
foam, for example, it is manufactured in the following 
manner. Note that, as is shown in Fig. 41 A, a description 
is given below of the formation of a hardened portion in 
elongated, plate-shaped urethane foam 246. 
[0234] Firstly, as is shown in Fig. 41 A, one piece or 
plural pieces of urethane loam 247 for a hardened por- 
tion is superposed on the central portion of the plate- 

*5 shaped urethane foam 246 (i.e. the portion used to form 
the hardened portion). Next, the plate-shaped urethane 
foam 246 and the piece of urethane foam 247 for a hard- 
ened portion are compressed. After further compres- 
sion, as is shown in Fig. 41 B, the plate-shaped urethane 

50 foam 246 becomes a predetermined thickness. As a re- 
sult, the density of the central portion of the plate- 
shaped foam urethane 246 is higher than the other por- 
tions creating a hardened portion 245. 
[0235] Note that, if synthetic rubber is used, it is not 

55 possible to increase the density of only one portion of 
the synthetic rubber. Therefore, as is shown in Fig. 41 C, 
the central portion of the plate-shaped synthetic rubber 
foam 248 (i.e. the portion used to form the hardened por- 
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tion) may be formed to have a greater thickness. 
[0236] Even when the vibrating membrane 230 is 
mounted on the edge 240 having the curved portion 243 
in which the hardened portion 245 is formed as de- 
scribed above, the curved portion 243 can thus be pre- 5 
vented from sagging due to the weight of the vibrating 
membrane. As a result, when the vibrating membrane 
230 is mounted on the edge 240, the vibrating mem- 
brane 230 can be kept parallel to the surface of the sheet 
member 216 covering the surface of the side of the per- 10 
manent magnets 220 which the vibrating membrane 
230 faces. 

[0237] When current for a sound signal is supplied to 
the helical coils 231 of a flat speaker unit having this 
structure, the direction of the current flowing through '5 
each helical coil 231 is as shown in Fig. 40. Namely, the 
direction of the current in adjacent outer peripheral por- 
tions of adjacent helical coils 231 is the same. At this 
time, according to Fleming's right-hand law, a force F is 
generated which is equal in an upward direction in each 20 
helical coil 231 . As a result, the vibrating membrane 230 
is displaced in a direction perpendicular to the surface 
thereof thereby generating sound. 
[0238] At this time, the vibrating membrane 230 is dis- 
placed in a direction perpendicular to the surface thereof 25 
from a state of being parallel to the surface of the sheet 
member 21 6 covering one surface of the facing perma- 
nent magnets 220. The result of this is that, regardless 
of which location of the vibrating membrane 230 is taken 
as the starting point, the phase from the vibrating mem- 30 
brane 230 to the sheet member 216 can be made the 
same and a flat wave generated. 
[0239] Thus, in the present embodiment, because the 
central portion of the edge 240 was thickened and the 
density thereof increased so as to form a hardened por- 35 
tion 245, it is possible to make the phase from the vi- 
brating membrane 230 to the sheet member 21 6 always 
the same. As a result, there is no twisting of the vibrating 
membrane 230 due to the sound distribution of a phase 
difference between the vibrating membrane 230 and the 40 
sheet member 216, and sound of a high quality with no 
noise components can be output. 
[0240] Furthermore, in the present embodiment, be- 
cause the magnetic pole faces of the permanent mag- 
nets 220 which have a high density are covered by the *5 
sheet member 216, reflected sound from the sheet 
member 216 is reduced, and noise generated by this 
reflected sound can be suppressed. Moreover, because 
the flat speaker unit has an air layer interposed between 
the vibrating membrane 203 and the sheet member 21 6, so 
the phase of the sound reflected from the sheet member 
21 6 is made the same and twisting of the vibrating mem- 
brane 230 is prevented. Thus it is possible to output 
sound of a high quality. 

[0241] Note that the hardened portion 245 of the edge 55 
240 does not have to be formed in only one location in 
the central portion of the longitudinal sides thereof, but, 
as is shown in Fig. 42, may be formed in several loca- 



56 

tions. Furthermore, as is shown in Fig. 43, instead of a 
frame-shaped edge 240, an edge 240A, which is formed 
in an oval shape and whose outer periphery and inner 
periphery are similar, may also be provided. At this time, 
a plurality of hardened portions 245 may be provided. 
[0242] Instead of the vibrating membrane 230, as is 
shown in Fig. 44, it is possible to use a vibrating mem- 
brane 230 A which has helical coils 231 and 231 A placed 
on the front and rear thereof. Specifically, helical coils 
231 are provided on the upper surface of the vibrating 
membrane 230A, while helical coils 231 A are provided 
on the lower surface of the vibrating membrane 230A: 
The helical coils 231 A are wound and positioned on the 
vibrating membrane 230A such that the direction of the 
current in the outer peripheral portions of each helical 
coil 231 A is the same as the direction of the current in 
the outer peripheral portions of the opposite helical coil 
231 on the upper surface of the vibrating member 230A. 
[0243] As a result, when current is supplied to the hel- 
ical coils 231 and 231 A, in accordance with Fleming's 
left-hand law, a force P (>F) acts on the vibrating mem- 
brane 230A and the sound output can be increased. 
[0244] Furthermore, in the above described embodi- 
ment, each permanent magnet 220 was placed on the 
mounting face 212 with a predetermined distance be- 
tween each magnet, however, the embodiment is not 
limited to this. For example, it is also possible to slightly 
increase the size of the permanent magnets 220 and 
place the magnets on the mounting surface 212 with no 
gap between magnets. 

[0245] In the above embodiment, an example was de- 
scribed in which magnetic pole faces of the permanent 
magnets 220 were covered with a sheet member 216, 
however, it is also possible to use a non-magnetic mem- 
ber such as plate-shaped plastic or the like instead of 
the sheet member 216 so that the magnetic pole faces 
of the permanent magnets 220 and the surfaces be- 
tween magnetic poles are the same surface. 
[0246] Note that, in the above embodiment, a descrip- 
tion was given of a flat speaker which outputs sound 
when current is fed to the helical coil 231 , however, if 
induction current is supplied to the helical coil 231 and 
the vibrating membrane 230 is vibrated according to 
Fleming's right-hand law, the speaker can also be used 
as a microphone. 

[0247] By providing the speaker edge according to the 
present embodiment with a curved portion comprising 
an elastic member having a curved portion between an 
outer peripheral portion and an inner peripheral portion 
thereof and by providing a high elastic modulus portion 
having a higher modulus of elasticity than that of the sur- 
rounding portions in at least one portion in the longitu- 
dinal direction of the curved portion, the amount of de- 
formation of the high elastic modulus portion from ex- 
ternal force can be reduced and, regardless of the size 
of the vibrating membrane, the vibrating membrane can 
be supported without causing any sagging thereof. As 
a result, the vibrating membrane outputs a flat wave with 
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no phase difference and a high quality sound can be 
output. 

[0248] By providing a speaker edge in the flat speaker 
unit according to the present embodiment with a curved 
portion comprising an elastic member having a curved s 
portion between an outer peripheral portion and an inner 
peripheral portion thereof and by reducing the amount 
of deformation from external force in at least one portion 
in the longitudinal direction of the curved portion, it is 
possible to make the vibrating membrane and the base 10 
substantially parallel at all times even if the vibrating 
membrane is large or has an elongated shape. The re- 
sult of this is that, because it becomes possible to sup- 
port the vibrating membrane without causing any sag- 
ging thereof, a flat wave having no phase difference can '5 
be output and a high quality sound can be output. 
[0249] The edge described in the present embodi- 
ment can also be suitable applied to the above seventh 
embodiment. 

[0250] In each of the above-described embodiments, 20 
examples using the vibrating membrane are described. 
However, instead of the vibrating membrane, a vibrating 
plate formed of a plate made of aluminum, a phenol res- 
in-impregnated paper, or the like may be used. Further, 
in the above-described embodiments, when the perma- 25 
nent magnets are disposed so as to contact one anoth- 
er, it is preferable for holes, which allow the passage of 
sound, to be formed at the portions at which the corner 
portions of the four permanent magnets contact one an- 
other. 30 

(Eleventh embodiment) 

[0251] The eleventh embodiment of the present in- 
vention will now be described. As is shown in Fig. 45, 35 
the flat speaker unit of the present embodiment is con- 
struct d from a first base 50 comprising a rectangular, 
plate-shaped member made from a magnetic material, 
a non-magnetic sheet member 52 having pliability and 
a degree of porousness, such as rock wool, glass wool, 40 
non-woven fabric, Japanese paper, or the like, and a 
second base 54 on which conductors are provided. The 
sheet member 52 is interposed between the first base 
50 and the second base 54, and the first base 50, the 
sheet member 52 ? and the second base 54 are mounted 45 
together integrally. 

[0252] As is shown in Fig. 46, S polarity magnetic pole 
faces and N polarity magnetic pole faces are arranged 
in a matrix pattern so as to altematingly face upwards 
by local magnetization. A circular hole 50A is punched so 
at each position where four magnetic pole faces come 
in contact. 

[0253] In addition to the pliable sheet made from a 
non-magnetic material such as that used for the above 
described vibrating membrane, a lightweight, hard 55 
board such as a balsa material or the like can be used 
for the second base 54. In addition to the coils formed 
in a helical shape which were used in each of the above 



embodiments, as is shown in Fig. 47, the conducting 
members provided on the second base can be formed 
from conducting wires 56 provided at positions where 
the magnetic flux interlinks, namely, along positions cor- 
responding to the boundaries of adjacent magnetic pole 
faces. These conducting wires are formed from either 
one or a plurality of conductors and are positioned such 
that the direction of the current flow and the direction in 
which the magnetic flux interlinks are the same on the 
second base. Therefore, magnetic flux substantially 
parallel to the main surface of the first base interlinks in 
the conducting wires. 

[0254] Because the direction of the current flow and 
the direction in which the magnetic flux interlinks are the 
same, when current is supplied to the conducting wires 
in which magnetic flux is interlinking, the current flowing 
through the conducting wires is affected by force from 
the magnetic flux in the same direction. Therefore, the 
first base 50, the sheet member 52, and the second 
base 54 vibrate together integrally and a flat wave with 
no phase difference is output from the speaker unit of 
the present embodiment. 

[0255] By adhering the surface of the second base of 
this speaker unit that does not face the first base to a 
member capable of vibrating made from a non-magnetic 
material larger than the second base, the member ca- 
pable of vibrating resonates and a high output sound 
can be generated. A box housing, board, snow board, 
or calender constructed from wood, corrugated fiber- 
board, polystyrene foam, plastic, aluminum, FRP, ply- 
wood or the like can be used for the member capable of 
vibrating. Further, the member capable of vibrating, of 
the speaker unit, may be mounted to a member larger 
than the member capable of vibrating, such as a ceiling, 
a floor, a wall, a unit-bathroom, a show window, or the 
like. 



Claims 

1 . A flat acoustic conversion device comprising: 

a first magnet disposed so that a first magnetic 
pole face is substantially parallel to a predeter- 
mined surface; 

a second magnet disposed adjacent to or in 
contact with the first magnet such that a second 
magnetic pole face having a polarity different 
from the polarity of the first magnetic pole face 
is substantially parallel to the predetermined 
surface and faces towards the same side as the 
first magnetic pole face of the first magnet; 
a vibrating member disposed so as to face to- 
wards the predetermined surface; 
a first coil which is helically wound and is dis- 
posed such that magnetic flux interlinks in a po- 
sition on the vibrating member which corre- 
sponds to the first magnetic pole face; and 
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a second coil which is helically wound and is 
disposed such that magnetic flux interlinks in a 
position on the vibrating member which corre- 
sponds to the second magnetic pole face. 

5 

2. The flat acoustic conversion device according to 
claim 1 , wherein current flows in the same direction 
in a portion of the first coil which is adjacent to the 
second coil and in a portion of the second coil which 

is adjacent to the first coil. 10 

3. The flat acoustic conversion device according to 
claim 1, wherein when the coil winding directions 
from the outer periphery to the inner periphery of 

the first and second coils are the same, either the *5 
inner peripheries of the first and second coils are 
connected to each other, or the outer peripheries of 
the first and second coils are connected to each oth- 
er. 

20 

4. The flat acoustic conversion device according to 
claim 1, wherein when the coil winding directions 
from the outer periphery to the inner periphery of 
the first and second coils are different from each 
other, either the inner periphery of one of the first or 25 
second coil is connected to the outer periphery of 

the other of the first or second coil, or the inner pe- 
ripheries of both the first and second coils are con- 
nected to each other and the outer peripheries of 
both the first and second coils are connected to 30 
each other. 

5. A flat acoustic conversion device comprising: 

a first magnet disposed so that a first magnetic 35 
pole face is substantially parallel to a predeter- 
mined surface; 

a second magnet disposed adjacent to or in 
contact with the first magnet such that a second 
magnetic pole face having a polarity different 40 
from the polarity of the first magnetic pole face 
is substantially parallel to the predetermined 
surface and faces towards the same side as the 
first magnetic pole face of the first magnet; 
a vibrating member disposed so as to face to- *s 
wards the predetermined surface; 
a first coil which is helically wound and is dis- 
posed such that magnetic flux interlinks in a po- 
sition on the vibrating member which corre- 
sponds to the first magnetic pole face; 50 
a second coil which is formed in a helical shape 
wound in the opposite direction to the first coil 
and is disposed such that magnetic flux inter- 
links in a position on the vibrating member 
which corresponds to the first magnetic pole 55 
face, and which is provided at a position on the 
vibrating member overlapping with the first coil, 
and whose inner peripheral end is connected 
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to an inner peripheral end of the first coil; 
a third coil which is formed in a h lical shape 
wound in the same direction as the second coil, 
and which is disposed such that magnetic flux 
interlinks in a position on the vibrating member 
which corresponds to the second magnetic 
pole face, and whose outer peripheral end is 
connected to an outer peripheral end of the sec- 
ond coil; and 

a fourth coil which is formed in a helical shape 
wound in the same direction as the first coil, and 
which is disposed such that magnetic flux inter- 
links in a position on the vibrating member 
which corresponds to the second magnetic 
pole face, and which is provided at a position 
on the vibrating member overlapping with the 
third coil, and whose inner peripheral end is 
connected to an inner peripheral end of the third 
coil. 

6. The fiat acoustic conversion device according to 
claim 5, wherein the first coil is provided on one sur- 
face of the vibrating member and the second coil is 
provided on the other surface of the vibrating mem- 
ber and the inner peripheral end of the second coil 
passes through the vibrating member and connects 
with the inner peripheral end of the first coil, and the 
third coil is provided on the other surface of the vi- 
brating member and the fourth coil is provided on 
the one surface of the vibrating member and the in- 
ner peripheral end of the fourth coil passes through 
the vibrating member and connects with the inner 
peripheral end of the third coil. 

7. A flat acoustic conversion device comprising: 

a first magnet disposed so that a first magnetic 
pole face is substantially parallel to a predeter- 
mined surface; 

a second magnet disposed adjacent to or in 
contact with the first magnet such that a second 
magnetic pole face having a polarity different 
from the polarity of the first magnetic pole face 
is substantially parallel to the predetermined 
surface and faces towards the same side as the 
first magnetic pole face of the first magnet; 
a vibrating member provided with a coil place- 
ment portion and having a coil which interlinks 
with magnetic flux from the first and second 
magnets disposed on the coil placement por- 
tion; 

a housing member for housing the coil and the 
vibrating member together; and 
a pliable supporting memberfor enveloping the 
coil placement portion of the vibrating member 
together with the coil and thereby supporting 
the coil placement portion of the vibrating mem- 
ber together with the coil such that the coil 
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placement portion of the vibrating member is 
capable of vibrating together with the coil with- 
out the coil placement portion of the vibrating 
member and the coil coming into contact with 
the inner surface of the housing member. 5 

8. The flat acoustic conversion device according to 
claim 1 , wherein a plurality of rows of magnets with 
each row comprising alternating first and second 
magnets in a first direction are positioned such that w 
the first and second magnets alternate in a second 
direction which intersects the first direction. 

9. The flat acoustic conversion device according to 
claim 5, wherein a plurality of rows of magnets with ?5 
each row comprising alternating first and second 
magnets in a first direction are positioned such that 

the first and second magnets alternate in a second 
direction which intersects the first direction. 

10. The flat acoustic conversion device according to 
claim 7, wherein a plurality of rows of magnets with 
each row comprising alternating first and second 
magnets in a first direction are positioned such that 
the first and second magnets alternate in a second 
direction which intersects the first direction. 

11. The flat acoustic conversion device according to 
claim 1 , wherein at least one of the first magnet and 
the second magnet has a plurality of types of shape. 

12. The flat acoustic conversion device according to 
claim 5, wherein at least one of the first magnet and 
the second magnet has a plurality of types of shape. 

35 

13. The flat acoustic conversion device according to 
claim 7, wherein at least one of the first magnet and 
the second magnet has a plurality of types of shape. 

14. The flat acoustic conversion device according to 40 
claim 1 , wherein the first magnet and second mag- 
net are provided on a plate-shaped member made 
from a magnetic material. 

15. The flat acoustic conversion device according to 4 $ 
claim 5, wherein the first magnet and second mag- 
net are provided on a plate-shaped member made 
from a magnetic material. 

16. The flat acoustic conversion device according to so 
claim 7, wherein the first magnet and second mag- 
net are provided on a plate-shaped member made 
from a magnetic material. 

17. The flat acoustic conversion device according to 55 
claim 1 , wherein the hardness of a placement por- 
tion of the vibrating membrane where the coils are 
placed is harder than the hardness of portions of 
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the vibrating membrane other than the placement 
portion. 

18. The flat acoustic conversion device according to 
claim 5, wherein the hardness of a placement por- 
tion of the vibrating membrane where the coils are 
placed is harder than the hardness of portions of 
the vibrating membrane other than the placement 
portion. 

19. The flat acoustic conversion device according to 
claim 7, wherein the first magnet and second mag- 
net are placed on a flexible member and the hous- 
ing member is made from a flexible member. 

20. A flat acoustic conversion device comprising: 

a first magnet disposed so that a first magnetic 
pole face is substantially parallel to a predeter- 
mined surface; • 
a second magnet disposed at a predetermined 
distance apart from the first magnet or in con- 
tact with the first magnet such that a second 
magnetic pole face having a polarity different 
from the polarity of the first magnetic pole face 
is substantially parallel to the predetermined 
surface and faces towards the same side as the 
first magnetic pole face of the first magnet; 
a vibrating member disposed so as to face to- 
wards the first magnetic pole face and the sec- 
ond magnetic pole face; 
a pliable air layer forming member disposed so 
as to form together with the vibrating member 
an air layer of a predetermined thickness on the 
first magnetic pole face and second magnetic 
pole face sides of the vibrating member; 
a first coil which is helically wound and is dis- 
posed such that magnetic flux interlinks in an 
area on the vibrating member which corre- 
sponds to the first magnetic pole face; and 
a second coil which is helically wound and is 
disposed such that magnetic flux interlinks in 
an area on the vibrating member which corre- 
sponds to the second magnetic pole face. 

21. The flat acoustic conversion device according to 
claim 20, wherein current flows in the same direc- 
tion in a portion of the first coil which is adjacent to 
the second coil and in a portion of the second coil 
which is adjacent to the first coil. 

22. The flat acoustic conversion device according to 
claim 20, wherein when the coil winding directions 
from the outer periphery to the inner periphery of 
the first and second coils are the same, either the 
inner peripheries of the first and second coils are 
connected to each other, or the outer peripheries of 
the first and second coils are connected to each oth- 
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23. The flat acoustic conversion device according to 
claim 20, wherein when the coil winding directions 
from the outer periphery to the inner periphery of 
the first and second coils are different from each 
other, either the inner periphery of one of the first 
and second coils is connected to the outer periphery 
of the other of the first and second coils, or the inner 
peripheries of both the first and second coils are 
connected to each other and the outer peripheries 
of both the first and second coils are connected to 
each other. 

24. The flat acoustic conversion device according to 
claim 20, wherein, when the first magnet and sec- 
ond magnet are placed a predetermined distance 
apart from each other the first coil is placed such 
that the inner periphery and the outer periphery of 
the coil spiral are positioned so as to sandwich a 
position on the vibrating member which corre- 
sponds to an outer edge of the first magnetic pole 
face and the second coil is placed such that the in- 
ner periphery and the outer periphery of the coil spi- 
ral are positioned so as to sandwich a position on 
the vibrating member which corresponds to an out- 
er edge of the second magnetic pole face, and 
wherein, when the first magnet and second magnet 
are placed in contact with each other, the first coil 
and the second coil are placed such that the inner 
peripheries of the coil spirals of each coil are posi- 
tioned outside an area which includes a position on 
the vibrating member which corresponds to a center 
of a magnetic pole face and such that the outer pe- 
ripheries of the coil spirals do not overlap each oth- 
er. 

25. A flat acoustic conversion device comprising: 

a first magnet disposed so that a first magnetic 
pole face is substantially parallel to a predeter- 
mined surface; 

a second magnet disposed a predetermined 
distance apart from the first magnet or in con- 
tact with the first magnet such that a second 
magnetic pole face having a polarity different 
from the polarity of the first magnetic pole face 
is substantially parallel to the predetermined 
surface and faces towards the same side as the 
first magnetic pole face of the first magnet; 
a vibrating member disposed so as to face to- 
wards the first magnetic pole face and the sec- 
ond magnetic pole face; 

a pliable air layer forming member disposed so 
as to form together with the vibrating member 
an air layer of a predetermined thickness on the 
first magnetic pole face and second magnetic 
pole face sides of the vibrating member; 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



a first coil which is helically wound and is dis- 
posed such that magnetic flux interlinks in an 
area on the vibrating member which corre- 
sponds to the first magnetic pole face; 
a second coil which is formed in a helical shape 
wound in the opposite direction to the first coil 
and is disposed such that magnetic flux inter- 
links in an area on the vibrating member which 
corresponds to the first magnetic pole face, and 
such that the second coil overlaps with the first 
coil in an area on the vibrating member which 
corresponds to the first magnetic pole face, and 
whose inner peripheral end is connected to an 
inner peripheral end of the first coil; 
a third coil which is formed in a helical shape 
wound in the same direction as the second coil, 
and which is disposed such that magnetic flux 
interlinks in an area on the vibrating member 
which corresponds to the second magnetic 
pole face, and whose outer peripheral end is 
connected to an outer peripheral end of the sec- 
ond coil; and 

a fourth coil which is formed in a helical shape 
wound in the same direction as the first coil, and 
which is disposed such that magnetic flux inter- 
links in an area on the vibrating member which 
corresponds to the second magnetic pole face, 
and such that the fourth coil overlaps with the 
third coil in an area on the vibrating member 
which corresponds to the second magnetic 
pole face, and whose inner peripheral end is 
con nected to an inner peripheral end of the third 
coil. 

26. The flat acoustic conversion device according to 
claim 25, wherein the first coil is provided on one 
surface of the vibrating member and the second coil 
is provided on the other surface of the vibrating 
member and the inner peripheral end of the second 
coil passes through the vibrating member and con- 
nects with the inner peripheral end of the first coil, 
and the third coil is provided on the other surface of 
the vibrating member and the fourth coil is provided 
on the one surface of the vibrating member and the 
inner peripheral end of the fourth coil passes 
through the vibrating member and connects wfth the 
inner peripheral end of the third coil. 

27. The flat acoustic conversion device according to 
claim 20, wherein a plurality of rows of magnets with 
each row comprising alternating first and second 
magnets in a first direction are positioned such that 
the first and second magnets alternate in a second 
direction which intersects the first direction. 

28. The flat acoustic conversion device according to 
claim 25, wherein a plurality of rows of magnets with 
each row comprising alternating first and second 
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magnets in a first direction are positioned such that 
the first and second magnets alternate in a second 
direction which intersects the first direction. 

29. The flat acoustic conversion device according to 
claim 20, wherein at least one of the first magnet 
and the second magnet has a plurality of types of 
shape. 

30. The flat acoustic conversion device according to 
claim 25, wherein at least one of the first magnet 
and the second magnet has a plurality of types of 
shape. 

31. The flat acoustic conversion device according to 
claim 20, wherein the first magnet and second mag- 
net are provided on a plate-shaped member made 
from a magnetic material. 

32. The flat acoustic conversion device according to 
claim 25, wherein the first magnet and second mag- 
net are provided on a plate-shaped member made 
from a magnetic material. 

33. The flat acoustic conversion device according to 
claim 31 , wherein peripheral edges of the magnetic 
material are bent in the direction of the magnet 
placement surface so as to form an angle relative 
to the magnet placement surface. 

34. The flat acoustic conversion device according to 
claim 32, wherein peripheral edges of the magnetic 
material are bent in the direction of the magnet 
placement surface so as to form an angle relative 
to the magnet placement surface. 

35. The flat acoustic conversion device according to 
claim 20, wherein an elastic portion surrounding the 
placement portion is provided between the support- 
ing portion for the support member and the place- 
ment portion where coils are placed of the vibrating 
member. 

36. The flat acoustic conversion device according to 
claim 25, wherein an elastic portion surrounding the 
placement portion is provided between the support- 
ing portion for the support member and the place- 
ment portion where coils are placed of the vibrating 
member. 

37. A flat acoustic conversion device comprising: 

a vibrating body provided with a vibrating mem- 
ber, a helically shaped first coil disposed on the 
vibrating member and a helically shaped sec- 
ond coil disposed on the vibrating member ad- 
jacent to the first coil; 

a first magnet which is provided with a first mag- 
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netic pole face and which is mounted to the vi- 
brating body such that the first magnetic pole 
face corresponds to the first coil; and 
a second magnet which is provided with a sec- 
ond magnetic pole face having a polarity differ- 
ent from the polarity of the first magnetic pole 
face and facing towards the same side as the 
first magnetic pole face and which second mag- 
net is mounted to the vibrating body so as to be 
a predetermined distance apart from the first 
magnet or so as to be in contact with the first 
magnet and such that the second magnetic 
pole face corresponds to the second coil. 



'5 38. A flat acoustic conversion device comprising: 



a vibrating body provided with a vibrating mem- 
ber, a helically shaped first coil disposed on the 
vibrating member, and a helically shaped sec- 
ond coil disposed on the vibrating member ad- 
jacent to the first coil; 

a holding member which is capable of holding 
a plurality of magnets between itself and the vi- 
brating body and which is disposed so as to be 
facing the vibrating body; 
a first magnet which is provided with a first mag- 
netic pole face and which is held between the 
vibrating body and the holding member such 
that the first magnetic pole face corresponds to 
the first coil; and 

a second magnet which is provided with a sec- 
ond magnetic pole face having a polarity differ- 
ent from the polarity of the first magnetic pole 
face and facing towards the same side as the 
first magnetic pole face and which second mag- 
net is held between the vibrating body and the 
holding member so as to be a predetermined 
distance apart from the first magnet or so as to 
be in contact with the first magnet and such that 
the second magnetic pole face corresponds to 
the second coil. 
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39. The flat acoustic conversion device according to 
claim 38, wherein the holding member is a vibrating 
body which is provided with a vibrating member, a 
first coil wound in a helical shape and placed on the 
vibrating member, and a second coil wound in a hel- 
ical shape and placed on the vibrating member ad- 
jacent to the first coil, and wherein the first coil is 
placed on the vibrating member so as to correspond 
to a magnetic pole face opposite to the first mag- 
netic pole face of the first magnet and the second 
coil is placed on the vibrating member so as to cor- 
respond to a magnetic pole face opposite to the sec- 
ond magnetic pole face of the second magnet. 

40. The flat acoustic conversion device according to 
claim 37, wherein a non-magnetic pliable member 
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is interposed between the vibrating body and the 
first and second magnets. 

41. The flat acoustic conversion device according to 
claim 38, wherein a non-magnetic pliable member 5 
is interposed between the vibrating body and the 
first and second magnets. 

42. The flat acoustic conversion device according to 
claim 37, wherein, in the same vibrating body, cur- 10 
rent flows in the same direction in a portion of the 
first coil which is adjacent to the second coil and in 

a portion of the second coil which is adjacent to the 
first coil. 

15 

43. The flat acoustic conversion device according to 
claim 38, wherein, in the same vibrating body, cur- 
rent flows in the same direction in a portion of the 
first coil which is adjacent to the second coil and in 

a portion of the second coil which is adjacent to the 20 
first coil. 

44. The flat acoustic conversion device according to 
claim 37, wherein when the coil winding directions 
from the outer periphery to the inner periphery of 25 
the first and second coils are the same, either the 
inner peripheries of the first and second coils are 
connected to each other, or the outer peripheries of 

the first and second coils are connected to each oth- 
er. 30 

45. The flat acoustic conversion device according to 
claim 38, wherein when the coil winding directions 
from the outer periphery to the inner periphery of 
the first and second coils are the same, either the 35 
inner peripheries of the first and second coils are 
connected to each other, or the outer peripheries of 

the first and second coils are connected to each oth- 
er. 

40 

46. The flat acoustic conversion device according to 
claim 37, wherein when the coil winding directions 
from the outer periphery to the inner periphery of 
the first and second coils are different from each 
other, either the inner periphery of one of the first 4 $ 
and second coils is connected to the outer periphery 

of the other of the first and second coils, or the inner 
peripheries of both the first and second coils are 
connected to each other and the outer peripheries 
of both the first and second coils are connected to so 
each other. 

47. The flat acoustic conversion device according to 
claim 38, wherein when the coil winding directions 
from the outer periphery to the inner periphery of 55 
the first and second coils are different from each 
other, either the inner periphery of one of the first 
and second coils is connected to the outer periphery 
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of the other of the first and second coils, or the inner 
peripheries of both the first and second coils are 
connected to each other and the outer peripheries 
of both the first and second coils are connected to 
each other. 

48. The flat acoustic conversion device according to 
claim 37, wherein, when the first magnet and sec- 
ond magnet are placed a predetermined distance 
apart from each other, the first coil is placed such 
that the inner periphery and the outer periphery of 
the coil spiral are positioned so as to sandwich a 
position on the vibrating body which corresponds to 
an outer edge of the first magnetic pole face and 
the second coil is placed such that the inner periph- 
ery and the outer periphery of the coil spiral are po- 
sitioned so as to sandwich a position on the vibrat- 
ing body which corresponds to an outer edge of the 
second magnetic pole face, and wherein, when the 
first magnet and second magnet are placed in con- 
tact with each other, the first coil and the second coil 
are placed such that the inner peripheries of the coil 
spirals of each coil are positioned outside an area 
which includes a position on the vibrating body 
which corresponds to a center of a magnetic pole 
face and such that the outer peripheries of the coil 
spirals do not overlap each other. 

49. The flat acoustic conversion device according to 
claim 38, wherein, when the first magnet and sec- 
ond magnet are placed a predetermined distance 
apart from each other, the first coil is placed such 
that the inner periphery and the outer periphery of 
the coil spiral are positioned so as to sandwich a 
position on the vibrating body which corresponds to 
an outer edge of the first magnetic pole face and 
the second coil is placed such that the inner periph- 
ery and the outer periphery of the coil spiral are po- 
sitioned so as to sandwich a position on the vibrat- 
ing body which corresponds to an outer edge of the 
second magnetic pole face, and wherein, when the 
first magnet and second magnet are placed in con- 
tact with each other, the first coil and the second coil 
are placed such that the inner peripheries of the coil 
spirals of each coil are positioned outside an area 
which includes a position on the vibrating body 
which corresponds to a center of a magnetic pole 
face and such that the outer peripheries of the coil 
spirals do not overlap each other. 

50. A flat acoustic conversion device comprising: 

a vibrating body provided with: 
a vibrating member; 

a first coil which is helically wound and is 

disposed on the vibrating member; 

a second coil which is formed in a helical 
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shape wound in the opposite direction to 
the first coil and is disposed on the vibrating 
member so as to overlap with the first coil, 
and whose inner peripheral end is connect- 
ed to an inner peripheral end of the first coil; 5 
a third coil which is formed in a helical 
shape wound in the same direction as the 
second coil, and is disposed on the vibrat- 
ing member so as to be adjacent to the sec- 
ond coil, and whose outer peripheral end 10 
is connected to an outer peripheral end of 
the second coil; and 

a fourth coil which is formed in a helical 
shape wound in the same direction as the 
first coil, and is disposed on the vibrating 15 
member so as to be adjacent to the first coil 
and to overlap with the third coil, and 
whose inner peripheral end is connected to 
an inner peripheral end of the third coil; 

20 

a first magnet which is provided with a first mag- 
netic pole face and is mounted to the vibrating 
body such that the first magnetic pole face cor- 
responds to the first coil and second coil; and 
a second magnet which is provided with a sec- 25 
ond magnetic pole face having a polarity differ- 
ent from the polarity of the first magnetic pole 
face and facing towards the same side as the 
first magnetic pole face, and which second 
magnet is disposed either a predetermined dis- 30 
tance apart from the first magnet or in contact 
with the first magnet, and which is mounted to 
the vibrating body such that the second mag- 
netic pole face corresponds to the third coil and 
fourth coil. 35 

51. A flat acoustic conversion device comprising: 

■ 

a vibrating body provided with: 

40 

a vibrating member; 

a first coil which is helically wound and is 
disposed on the vibrating member; 
a second coil which is formed in a helical 
shape wound in the opposite direction to *s 
the first coil and is disposed on the vibrating 
member so as to overlap with the first coil, 
and whose inner peripheral end is connect- 
ed to an inner peripheral end of the first coil; 
a third coil which is formed in a helical 50 
shape wound in the same direction as the 
second coil, and is disposed on the vibrat- 
ing member so as to be adjacent to the sec- 
ond coil, and whose outer peripheral end 
is connected to an outer peripheral end of 55 
the second coil; and 

a fourth coil which is formed in a helical 
shape wound in the same direction as the 



first coil, and is disposed on the vibrating 
member so as to be adjacent to the first coil 
and to overlap with the third coil, and 

whose inner peripheral end is connected to an 
inner peripheral end of the third coil; 
a holding member which is capable of holding 
a plurality of magnets between itself and the vi- 
brating body and which is disposed so as to be 
facing the vibrating body; 
a first magnet which is provided with a first mag- 
netic pole face and is held between the vibrat- 
ing body and the holding member such that the 
first magnetic pole face corresponds to the first 
coil and second coil; and 
a second magnet which is provided with a sec- 
ond magnetic pole face having a polarity differ- 
ent from the polarity of the first magnetic pole 
face and facing towards the same side as the 
first magnetic pole face, and 

which second magnet is disposed either a prede- 
termined distance apart from the first magnet or in 
contact with the first magnet, and which is held be- 
tween the vibrating body and the holding member 
such that the second magnetic pole face corre- 
sponds to the third coil and fourth coil. 

52. The flat acoustic conversion device according to 
claim 51 , wherein the holding member comprises a 
vibrating member a first coil which is helically 
wound and is disposed on the vibrating member, a 
second coil which is formed in a helical shape 
wound in the opposite direction to the first coil and 
is disposed on the vibrating member so as to over- 
lap with the first coil, and whose inner peripheral 
end is connected to an inner peripheral end of the 
first coil, a third coil which is formed in a helical 
shape wound in the same direction as the second 
coil, and is disposed on the vibrating member so as 
to be adjacent to the second coil, and whose outer 
peripheral end is connected to an outer peripheral 
end of the second coil, and a fourth coil which is 
formed in a helical shape wound in the same direc- 
tion as the first coil, and is disposed on the vibrating 
member so as to be adjacent to the first coil and to 
overlap with the third coil, and whose inner periph- 
eral end is connected to an inner peripheral end of 
the third coil, and wherein said holding member is 
a vibrating body in which the first coil and second 
coil are placed so as to correspond to the magnetic 
pole face opposite the first magnetic pole face of 
the first magnet, and the third coil and fourth coil are 
placed so as to correspond to the magnetic pole 
face opposite the second magnetic pole face of the 
second magnet. 

53. The flat acoustic conversion device according to 
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claim 50, wherein the first coil is provided on one 
surface of the vibrating member and the second coil 
is provided on the other surface of the vibrating 
member and the in ner peripheral end of the second 
coil passes through the vibrating member and con- 5 
nects with the inner peripheral end of the first coil, 
and the third coil is provided on the other surface of 
the vibrating member and the fourth coil is provided 
on the one surface of the vibrating member and the 
inner peripheral end of the fourth coil passes io 
through the vibrating member and connects with the 
inner peripheral end of the third coil. 

54. The flat acoustic conversion device according to 
claim 51, wherein the first coil is provided on one *5 
surface of the vibrating member and the second coil 

is provided on the other surface of the vibrating 
member and the inner peripheral end of the second 
coil passes through the vibrating member and con- 
nects with the inner peripheral end of the first coil, 20 
and the third coil is provided on the other surface of 
the vibrating member and the fourth coil is provided 
on the one surface of the vibrating member and the 
inner peripheral end of the fourth coil passes 
through the vibrating member and connects with the 25 
inner peripheral end of the third coil. 

55. The flat acoustic conversion device according to 
claim 37, wherein a plurality of rows of magnets with 
each row comprising alternating first and second 30 
magnets in a first direction are positioned such that 
first and second magnets alternate in a second di- 
rection which intersects the first direction. 

56. The flat acoustic conversion device according to 35 
claim 38, wherein a plurality of rows of magnets with 
each row comprising alternating first and second 
magnets in a first direction are positioned such that 

the first and second magnets alternate in a second 
direction which intersects the first direction. *o 

57. The flat acoustic conversion device according to 
claim 50, wherein a plurality of rows of magnets with 
each row comprising alternating first and second 
magnets in a first direction are positioned such that *5 
the first and second magnets alternate in a second 
direction which intersects the first direction. 

t. 

58. The flat acoustic conversion device according to 
claim 51 , wherein a plurality of rows of magnets with 5° 
each row comprising alternating first and second 
magnets in a first direction are positioned such that 

the first and second magnets alternate in a second 
direction which intersects the first direction. 

55 

59. The flat acoustic conversion device according to 
claim 20, further comprising a speaker edge which 
is provided with a curved portion comprising an 
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elastic member having a portion between an outer 
peripheral portion and an inner peripheral portion 
thereof formed in a curved shape, and an outer pe- 
ripheral portion of which speaker edge is fixed to a 
frame, and an outer peripheral portion of the vibrat- 
ing member is fixed to an inner peripheral portion 
of the speaker edge, and in which speaker edge a 
high elastic modulus portion whose modulus of 
elasticity is lower than a compliance of surrounding 
portions is formed in at least one portion in the lon- 
gitudinal direction of the curved portion thus reduc- 
ing the amount the high elastic modulus portion is 
deformed by external force, wherein the vibrating 
member is fixed to an internal peripheral portion of 
the speaker edge. 

60. The flat acoustic conversion device according to 
claim 25, further comprising a speaker edge which 
is provided with a curved portion comprising an 
elastic member having a portion between an outer 
peripheral portion and an inner peripheral portion 
thereof formed in a curved shape, and an outer pe- 
ripheral portion of which speaker edge is fixed to a 
frame, and an outer peripheral portion of the vibrat- 
ing member is fixed to an inner peripheral portion 
of the speaker edge, and in which speaker edge a 
high elastic modulus portion whose modulus of 
elasticity is lower than a compliance of surrounding 
portions is formed in at least one portion in the lon- 
gitudinal direction of the curved portion thus reduc- 
ing the amount the high elastic modulus portion is 
displaced by external force, wherein the vibrating 
membrane is fixed to an internal peripheral portion 
of the speaker edge. 

61. The flat acoustic conversion device according to 
claim 59. wherein the thickness of at least one por- 
tion in the longitudinal direction of the curved portion 
is made thicker, or a high elastic modulus portion is 
provided by increasing the density of an elastic 
body forming the one portion in the longitudinal di- 
rection of the curved portion. 

62. The flat acoustic conversion device according to 
claim 60, wherein the thickness of at least one por- 
tion in the longitudinal direction of the curved portion 
is made thicker, or a high elastic modulus portion is 
provided by increasing the density of an elastic 
body forming the one portion in the longitudinal di- 
rection of the curved portion. 

63. Aflat acoustic conversion device comprising: 

a frame provided with a base on which a plural- 
ity of magnets are arranged such that a direc- 
tion faced by a predetermined polarity of one 
magnet is opposite a direction faced by a pre- 
determined polarity of a magnet adjacent to the 
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one magnet, and a peripheral wall provided on 
the base so as to surround the plurality of mag- 
nets; 

a vibrating member facing the base and provid- 
ed with a first helically wound coil and a second 5 
helically wound coil whose coil winding direc- 
tions differ in accordance with a polarity of 
whichever of the plurality of magnets the coil is 
facing; and 

a speaker edge provided with a curved portion io 
comprising an elastic member having a portion 
between an outer peripheral portion and an in- 
ner peripheral portion thereof formed in a 
curved shape, and an outer peripheral portion 
of the speaker edge is fixed to a frame, and an is 
outer peripheral portion of the vibrating mem- 
ber is fixed to an inner peripheral portion of the 
speaker edge, and a high elastic modulus por- 
tion whose modulus of elasticity is lower than a 
compliance of surrounding portions is formed 20 
in at least one portion in the longitudinal direc- 
tion of the curved portion thus reducing the 
amount the high elastic modulus portion is de- 
formed by external force. 

64. A flat acoustic conversion apparatus comprising: 

a f irst base on which are placed on substantially 
the same plane a first magnetic pole face and 
a second magnetic pole face each having a dif- 30 
ferent polarity facing in the same direction; 
a non-magnetic pliable member formed in a 
sheet shape; and 

a second base provided with continuous con- 
ductors, 35 

wherein the non-magnetic pliable member is 
interposed between the first base and the second 
base, and wherein the first base, the non-magnetic 
pliable member, and the second base are mounted *o 
together integrally such that magnetic flux substan- 
tially parallel to the plane interlinks in the conduc- 
tors. 

65. The flat acoustic conversion device according to 
claim 64, wherein a surface of the second base 
which is on the opposite side to a surface facing the 
first base is mounted to a member comprising a 
non-magnetic body which is capable of vibrating 
and which is larger than the second base. $° 

66. The flat acoustic conversion device according to 
claim 65, wherein the body which is capable of vi- 
brating is mounted to another body which is capable 

of vibrating, said other body which is capable of vi- 55 
brating being larger than the body which is capable 
of vibrating. 
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67. The flat acoustic conversion apparatus according 
to claim 64, wherein the first base is formed by lo- 
cally magnetizing a plate-shaped magnetic material 
such that first magnetic pole faces and second mag- 
netic pole faces alternate with each other. 

68. The flat acoustic conversion apparatus according 
to claim 65, wherein the first base is formed by lo- 
cally magnetizing a plate-shaped magnetic material 
such that first magnetic pole faces and second mag- 
netic pole faces alternate with each other. 

69. An acoustic conversion device comprising: 

a speaker edge which is provided with a curved 
portion comprising an elastic member having a 
portion between an outer peripheral portion and 
an inner peripheral portion thereof formed in a 
curved shape, and an outer peripheral portion 
of which speaker edge is fixed to a frame, and 
an outer peripheral portion of the vibrating 
member is fixed to an inner peripheral portion 
of the speaker edge, and in which speaker edge 
a high elastic modulus portion whose modulus 
of elasticity is lower than a compliance of sur- 
rounding portions is formed in at least one por- 
tion in the longitudinal direction of the curved 
portion thus reducing the amount the high elas- 
tic modulus portion is deformed by external 
force. 

70. The acoustic conversion device according to claim 
71 , wherein the thickness of at least one portion in 
the longitudinal direction of the curved portion is 
made thicker, or a high elastic modulus portion is 
provided by increasing the density of an elastic 
body forming the one portion in the longitudinal di- 
rection of the curved portion. 

71. A vibration actuator comprising: 

a first base on which are placed on substantially 
the same plane a first magnetic pole face and 
a second magnetic pole face each having a dif- 
ferent polarity facing in the same direction; 
a non-magnetic pliable member formed in a 
sheet shape; and 

a second base provided with continuous con- 
ductors, •■ 

wherein the non-magnetic pliable member is 
interposed between the first base and the second 
base, and wherein the first base, the non-magnetic 
pliable member, and the second base are mounted 
together integrally such that magnetic flux substan- 
tially parallel to the plane interlinks in the conduc- 
tors. 
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72. The vibration actuator according to claim 71 , where- 
in a surface of the second base which is on the op- 
posite side to a surface facing the first base is 
mounted to a member comprising a non-magnetic 
body which is capable of vibrating and which is larg- 5 
er than the second base. 

73. The flat acoustic conversion device according to 
claim 72, wherein the body which is capable of vi- 
brating is mounted to another body which is capable io 
of vibrating, said other body which is capable of vi- 
brating being larger than the body which is capable 

of vibrating. 

74. The flat acoustic conversion apparatus according *5 
to claim 71 , wherein the first base is formed by lo- 
cally magnetizing a plate-shaped magnetic body 
such that first magnetic pole faces and second mag- 
netic pole faces alternate wilh each other. 

20 

75. The flat acoustic conversion apparatus according 
to claim 72, wherein the first base is formed by lo- 
cally magnetizing a plate-shaped magnetic body 
such that first magnetic pole faces and second mag- 
netic pole faces alternate with each other. 25 

76. A flat acoustic conversion device comprising: 

a first magnet disposed so that a first magnetic 
pole face is substantially parallel to a predeter- 30 
mined surface; 

a second magnet disposed adjacent to or in 
contact with the first magnet such that a second 
magnetic pole face having a polarity different 
from the polarity of the first magnetic pole face 35 
is substantially parallel to the predetermined 
surface and faces towards the same side as the 
first magnetic pole face of the first magnet: 
a vibrating member provided with a conductor 
placement portion and having a conductor *o 
which interlinks with magnetic flux from the first 
and second magnets disposed on the conduc- 
tor placement portion; 

a housing member for housing the conductor 
and the vibrating member together; and 4 $ 
a pliable supporting member for enveloping the 
conductor placement portion of the vibrating 
member together with the conductor and there- 
by supporting the conductor placement portion 
of the vibrating member together with the con- so 
ductor such that the conductor placement por- 
tion of the vibrating member is capable of vi- 
brating together with the conductor without the 
conductor placement portion of the vibrating 
member and the conductor coming into contact 55 
with the inner surface of the housing member. 
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